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FY 2015 HECM Actuarial Review Executive Summary

Executive Summary

The U.S. Department ofHousing and Urban Development (HUD), Federal Housing
Administration (FHA), provides reverse mortgage insurance through the Home Equity
Conversion Mortgage (HECM) program. HECMs enable senior homeowners to obtain additional
income by accessing the equitythreir homes. The program began as a pilot program in 1989
and became permanent in 1998. Between 2003 and 2008, the number of HECM endorsements
grew because of increasingly widespread product knowledge, lower interest rates, higher home
values, and highdfHA loan limits. Prior to fiscal year (FY) 2009, the HECM program was part

of the General Insurance (Gl) Fund. The Federal Housing Administration Modernization Act
within the Housing and Economic Recovery Act of 2008 (HER#pved all new HECM
program endsements into the Mutual Mortgage Insurance (MMI) Fund effective in FY 2009.

At the beginning of 2014he HECM Standard and HECM Saver programs were replaced with
HECMs that reduced the initial and total allowable drawdowns in order to strengthen the
financial condition of the program.Also in 2014, FHAallowed a NorBorrowing Spouse to be
younger than 62and implemented more conservative principal limit factofeen, in 2015,

FHA introduced the Life Expectancy S&side Growth Rate and related reguirentdo address

tax and insurance defaults addi ti onal guidance on HECM “Du
timing requirements; and permissible loss mitigation options when property charges are not paid.

The National Housing Act requires an independentarinu act uar i al study of |
Accordingly, an actuarial review must be conducted on HECM loans within the MMI Fund. This
document reports the estimated economic values of the FY 2015 through FY 2022 MMI HECM
portfolios. A f i erifobolis defieed as’'the loaidithat Sdrizive kb the end

of the fiscal year and were endorsed in FY 2009 or later. In addition to the initial capital reserve,

the economic value of the portfolio depends on the net present value of the future cash flows
from the surviving portfolio of loans existing at the start of the valuation forecast (the end of the

fiscal year under review). Our projections indicate that, as of the end of FY 2015, the HECM
portion of the MMI fund has an economic valuepokitive$6,778million. The primary source

of this increase from | ast year’'s estimate o
discount factors defined by the Office of Management and Budget (OMB)trendnore
favorabl e economi c f twodhanges dontribuged dhanoreage 8823 T h e s e
million to the economic value of the MMI HECM Fund.

1 HERA was passed by the United States Congress on July 24, 2008 and signed by President George W. Bush on July 30, 2008.
2 Mortgagee Letter 20137, September 3, 2013: Changes to the Home Equity Conversion Mortgage Program Requirements.

3 Mortgage Letter 20187, April 25th, 2014Home Equity Conversion Mortgage (HECM) Program: NBoTrowing Spouse

4 Principal Limit Factorgollowing Mortgagee Letter 20142 provided PLFs for nehorrowing spouse and also revised PLFs

for borrowers 62 and above.

5 HERA moved the requirement from the 1990 National Affordable Housing Act (NAHA) to the Federal Housing Administration
operations \thin the National Housing Act, 12 USC 1708(a)(4).
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FY 2015 HECM Actuarial Review Executive Summary

A. Status of the MMI HECM Portfolio

In order to assess the adequacy of the current and future capital resources to meet estimated
future net liabilities, we analyzed all HECM historical terminations and associated recoveries
using loanlevel HECM performance data maintained by FHA throughrdda31, 2015. We
developed loattevel termination and recovery models using various economic aneesmific

factors. We then estimated the future loan performance of the FY 2015 through FY 2022 MMI
HECM portfolios using various assumptions, includingcroaconomic forecastbat distinguish

100 possible future scenarios and the expected HECM portfolio characteristics provided by
FHA.

Based on our evaluation of the HECM loans in the FY 2015 portfolio, we estimated the
economic value of the HECM Fund to pesitive $6,778 million. We also estimated that the
economic value of the HECM portfolio will subsequently improve over time. Pcohenges

and more favorable future economic forecasts predicted to increase the financial strength of
future endorsements as well as the existing books of bugifiées.economic value of the
HECM Fund as of the end of FY 2022 is estimated toll3655million.

The maximum claim amount (MCA) of a HECM loan serves as the cap on the amount of
insurance claims that FHA will pay the lender. The MCA is defined as the minimum of the
appraised value and FHA’'s HECM linsuaancen-foromi t at
(IlIF) is expressed as the sum of the MCAs of the active portfolio. As new endorsements are
added to the portfolio, projected HECM IIF increases from $105,234 million in FY 2015 to
$184,492 million in FY 2022. Exhibit ES$ provides the tseline economic values of the HECM
portfolio, IIF and new endorsements for FY 2015 through FY 2022.

5 Details of the policy changes are provided in Section | of this Review.
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FY 2015 HECM Actuarial Review Executive Summary

Exhibit ES-1. Baseline Economic Value, Insurancen-Force, and Endorsements for FY
2015FY 2022($ Million)

Fiscal | Economic| Insurance Volume of New E(;cf)r:zoarzlhc ,:I/:\:\llje Ilzg\;ﬁ?r:msega
Year’ Value in Force™ | Endorsements*** . 9
Book of Business| Fund Balance

2015 6,778 105,234 15,763 302

2016 7,429 109,334 15,073 575 76
2017 8,222 120,424 17,035 636 157
2018 9,135 132,573 18,340 692 221
2019 10,133 145,236 19,548 716 282
2020 11,213 158,091 20,866 738 342
2021 12,395 171,103 22,283 788 394
2022 13,665 184,492 23,715 823 447

*All values are expressed as of the end of the fiscal year.

**|nsurancein-force is estimated as the sum of MEAs of the remaining insured loans.

*** Projections are based on the HECM demand model in Appendix E times the averageTME€#olume number in FY 2015
reflects the outstanding loans at the end of the fiscal year, and excludes loans endorsed and terminated in the s@me fiscal y

B. Sources of Change in the Status of the Fund

The economic value of the HECM Fund increabgd$7,944 million from the estimated FY
2014 economic value dafiegative$1,166 million as estimated in the FY 2014 Review. This
change was driven primarily by four main factors:

1 Actual data performance and portfolio status update reduces the FY 2015ecealne by
$345million.

1 The 2015 model update and policy change lowers the FY 2015 economic value by $1,089
million.

1 Updating the economic scenario forecast increases the FY 2015 economic value by $4,763
million.
1 The discount factor update increase fYe2015 economic value by $4,460 million.

C. Impact of Economic and Loan Factors

The projected economic value of the HECM Fund depends on various economic and loan
specific factors. These include the following:

1 House Price Appreciation: HPA rates incpathe recovery FHA receives upon loan
terminations and the rate at which borrowers will refinance or move out of their property.
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HPA rates are generated in our stochastic simulation of economic variables. These rates for
the Monte Carlo simulationaretcee r ed on Moody’' s July 2015 for

1 Oneyear and tetyear Treasury interest rates and-gearLIBOR rate Interest rates impact
the growth rate of loan balances and the amount of equity available to borrowers at
origination. Interest rate projectionsad in the stochastic simulation are also centered on the
Moody’s July 2015 forecast.

1 Mortality Rates: Mortality rates are either directly obtained or derived from the U.S.
Decennial Life Table for 1990991, 19992001 and 2009 populations, published thg
Center for Disease Control and Prevention (CDC). Refer to Appendix A for the details of the
calculation of mortality rates.

1 Cash Drawdown Rates: These represent the speed at which borrowers access the equity in
their homes over time, which impacts t@wth of the loan balance. Borrower cash draw
rates are derived from past HECM program experience with adjustments to account for the
expected borrower characteristics of future bewokbusiness and the tighter drawdown
limits starting in FY 2015.

The realized economic value wil!/| vary from tF
performance deviate from the baseline projections. Exhibi2 [p8sents the baseline economic
value from the average of the Monte Carlo simulations, six atteenacenarios from our
simul ated paths, and two additional scenar.i
Review is the mean of the economic values of the MMI HECM portfolio over the 100 simulated
paths. Each alternative scenario estimatepénrmance of the Fund under the specific future
interest rate and house price appreciation rates simulated for each path. Interpreting these results,
there is approximately a 50 percent chance that the economic value would fall in the range of
negative$104 million to positive $4,887million, and an 80 percent chance to be within the
range of negative $6,451 million to positive $9,072 million. Under the worst simulated
scenario, the economic value could iEgative$33,442million. Based on our modeind our
assumptions, we estimate that this represents a 99.5 percent stress test for the HECM Fund.

(OIS

Exhibit ES-2. Economic Values of the HECM Fund under Different Economic Scenarios
($ Millions)

Ei Mean 10" Best | 25" Best | 25" Worst i The Worst | Moody's el
iscal . - . . Worst - ? Protracted
Year S_tocha_stlc _Path in _Path in _Path in Path in _Path in Baseline Sium

Simulation | Simulation | Simulation | Simulation . . Simulation Path P

Simulation Path

2015 6,778 $19,072 | $14,887 -104 -6,451 -33,442 8,189 -6,776
2022 13,665 37,727 31,052 5,423 -7,154 -56,410 19,029 -4,593
*All values are expressed as of the end of the fiscal year.
We also applied two of Moody’'s alternative sc

as a deterministic path produces an economic value about $1.41 billion higher than the baseline
Monte Carlo result, due to the asymmetric distribution of stachsisnulation results. Under the
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mo st stressful scenari o projected by Moody'’ s
economic value of the Fund riegative$6,776million. This is similar to the ®worst path in our

simulation Thus, it is equivalento about a 9% percentile stress test based on our simulation

model and assumptions.

Note that the 10or the 28" best and worst paths presented in ExhibitZE8ay not correspond

to the same paths that generate tHe dithe 25' best and worst enomic values in the case of

the forward loans in the MMI Fund. This is due to the substantial different risk drivers in the
HECM loans causing differences in the sensitivity of the cash flows to economic conditions
under the two programs as well as diéieces in the timing of these cash flows. As a result, the
25" worst scenario of the combined HECM and forward portfolios will not equal to the sum of
the 28" worst HECM portfolio economic value and the™&orst forward portfolio economic
value that igeported in the separate Actuarial Review of the forward portfolio.
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Section I. Introduction

A. Actuarial Reviews of the FHA Mutual Mortgage Insurance Fund

The National Housing Act requires an annual independent actuarial review of the Federal
Housing Administrati omsusmncd (MMund.FHAthas@dndudesir t g a g
annual actuarial reviews of the MMI Fund since 1990.

The FHA Modernization Act within the Housing and Economic Recovery Act of 2008 (HERA)
moved all new endorsements for FHAM)proghmmme Eq.L
from the General Insurance Fund to the MMI Fund starting in fiscal year (FY) 2009. Therefore,

an actuarial review must also be conducted on the HECM portfolio within the MMI Fund. This
document reports the estimated economic value of the HECN pékffolios in FY 2015 and as

projected through FY 2022. This review also provides the HECM portion of the insumance

force (IIF) used to compute the overall MMI Fund capital ratio.

B. HECM Program Overview

The U.S. Department of Housing and Urbd@evelopment (HUD), Federal Housing
Administration (FHA), insures reverse mortgage insurance through the HECM program, which
enables senior homeowners to obtain additional funds by borrowing against the equity in their
homes. Since the inception of the HE@kbgram in 1989, FHA has insured more than 932,633
reverse mortgages. To be eligible for a HECM (a) at least one of the homeowners must be 62
years of age or older, (b) if they have a mortgage, the outstanding balance must be paid off with
the HECM proceds and (c) they must have received FHigproved reverse mortgage
counseling to learn about the program. HECM loans are available fromappidved lending
institutions. These approved institutions provide homeowners with cash payments or credit lines
secued by the underlying homes, and there is no required repayment as long as the borrowers
continue to live in the home and meet HUD guidelines on meeting requirements for property
taxes, homeowners insurance and property maintenance. Borrowers use reveyagesido
access cash for various reasons, including home improvements, medical bills, paying off
balances on existing traditional mortgages or for everyday living. A HECM terminates for
reasons described in Section V. However, the existence of neggtivy does not require
borrowers to pay off the loan and it does not limit the borrowers from receiving additional cash
drawsif allowed as per their HECM contract.

The reverse mortgage insurance provided by FHA through the HECM program protects lenders
from losses due to nenepayment of the loans. When a loan terminates and the loan balance is

"HERA moved the requirement from the 1990 National Affordable Housing Act (NAHA) to the Federal Housing Administration
operationswithin the National Housing Act, 12 USC 1708(a)(4).
8 HERA was passed by the United States Congress on July 24, 2008 and signed by President George W. Bush on July 30, 2008.
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greater than the net sale price of the home, the lender can file a claim for the amount of loss up to
the maximum claim amount (MCA). The MCA is defined as theimmu m o f t he ho
appraised value and the FHA HECM loan limit, both measured at origination. A lender can and
usually does assign the mortgage note to FHA when the loan balance reaches 98 percent of the
MCA and is reimbursed for the balance of the loarhew note assignment occurs, FHA
switches from being the insurer to the holder of the note and comseuddng the loan until
termination. At loan termination (peassignment), FHA attempts to recover the loan balance
including any expenses, accruaterest property taxeand insurance premiums.

Il n 2010, FHA introduced the “Saver” alternat.
Saver program charged a lower upfront mortgage insurance premium (MIP) but also reduced the
amount of housingequity borrower can access. Thus, the S

premium of one basis point attracted borrowers who can accept less funds in order to pay a lower
mortgage insurance premium than the two percent upfront premium charged by the Standard
HECM program.

Starting at the beginning of FY 2014, the Standard and Saver programs were replaced by a more
conservative program to improve the financial viability of the HECM program. The program had
lower principal limit factors than the Standard progreend also had initial disbursement

' i mitations. Furthermore, the initial MI P was

Starting from August 4, 2014, the HECM program was modified to allowboorowing

spouses younger than 62 years of, agel SpecialPrincipal Limit Factors were promulgated to

deal with the longevity riskAlso, nore conservativ®LFswerealso imposed for borrowers of

age 62 and abovélote thatthe younger norborrowing spouse gets the benefit of staying in the

house until deeased, but th8pecial Principal Limit Factorsf the HECMis based on the age of

the younger spouse, whether or not he/she is a borrower, so the risk of longevity is addressed
programmaticallyespecially given the newly applicable Special Pl&iso noe that our models

also capture the longevity risk in our mortality variatden d FHA’ s projectioc
composition of future HECMs include spouses as young8gsee Appendix A)Appendix E
incorporates the impact of this new product on HECM demand.

Starting from April 27, 2015, HUD introduced the requirements of Life Expectanchisae
(LESA) for HECM loans, attached with the HECM Financial Assessment and Property Charge
Guide. LESA is set aside at the origination of HECM loansisaial be used fothe payment of
property taxes, and hazard and flood insurance premiums.

The following are definitions of common HECM terms.

1. Maximum Claim Amount (MCA)

The MCA is the minimum of the appraised value of the home and the FHA loan limit at the time
of origination. It is the maximum HECM insurance claim a lender can receive. The MCA is also
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used together with the Principal Limit Factor (explained next) tailzk the maximum amount

of initial equity available to the borrower. The MCA is determined at origination and does not
change over the life of the loan. However, if the house value appreciates over time, borrowers
may access additional equity by refinargei In the event of termination, the entire net sales
proceedScan be used to pay off the outstanding loan balance, regardless of whether the size of
the MCA was capped by the FHA loan limit at origination.

2. Principal Limits (PLs) and Principal Limit Factors (PLFs)

FHA manages its insurance risk by limiting the percentage of the initial available equity that a
HECM borrower can draw by use of a Principal Limit Factor (PLF). Conceptually, the PLF is
similar to the loafto-value ratio applied to a wi#ional mortgage. Exhibit-1 presents a selected
number of PLFs published in October 2010 and also from the new program started in FY 2014
(FY 2014 Program) which replaced the Saver and Standard préyFaom August 4, 2014,
another program allowed awyoger norborrowing spousehese are the Special PLFs to address
the longevity risk of these younger spous&his Current Program superseded the FY 2014
Program. It further restricted the PLFs for the borrowers.

For a given HECM applicant, the MCA is itiplied by the PLF, which is determined according

to the HECM program features and the borrower
HECM principal limit available to be drawn by the applicant. The PLF increases with the
borrower ' s a gmatiordand deEr€dbs with thg expected mortgage interest rate
(with a floor of 3.0 percentf. The PLFs for the Saver program were lower than the Standard
program, offering borrowers a tradeoff between the amount of accessible home equity and the
rate ofthe upfront mortgage insurance premium. The PLFs for the FY 2014 program was 85
percent of those in comparable Standard program PLFs. Over the course of the loan, the
principal limit grows at a rate equal to the sum of the mortgage interest rate, tlgageort
insurance premium and the servicing fe@srrowers can continue to draw cash as long as the
loan balance is bew the current principalimit (except for the tenure plan, which acts as an
annuity). As mentioned above, the Current program funtestricted PLFs, as shown in the
exhibit.

® Net sales proceeds are the proceeds from selling the home minus transaction cost

19 Mortgagee Letter 20137, September 3, 2013: Changes to the Home Equity Conversion Mortgage Program Requirements.
1 For couples, the age of the younger one is used to determine the corresponding PLF.

2 For adjustable rate mortgages, "expected” inteegss are calculated by the lender as the sum of an index rate and the lender's
index margin. The index margin is what will actually be charged on the loan as-apnavkr the index rate used for the loan
(LIBOR or ConstariMaturity Treasury, either-inonth or tyear). For fixeerate loans, the "expected" rate is the note rate on

the mortgage.
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Section I. Introduction

Exhibit | -1. Selected Principal Limit Factors®

Borrower Age at Origination*

Expected o5 T 35 [ 45 55 65

Mortgage Expired

In|tqear$eSt Special PLFs Standard | Saver | FY 2014 F?rlégf:rtn

Program

5.50% 0.302 0.341]| 0.381 0.419 0.569 0.468 0.483 0.478
7.00% 0.146 0.187| 0.228 0.270 0.428 0.316 0.363 0.332
8.50% 0.042 0.087| 0.133 0.171 0.326 0.192 0.277 0.227

Expected IS 85

Mortgage i i

Integr]esgt Standard | Saver E\);pzlz)e1d4 Fc):rlérrent Standard | Saver E\);pzl?.e& IS urrent
Rate Program gram Program rogram
5.50% 0.636 0.508| 0.540 0.553 0.703 0.554 0.597 0.644
7.00% 0.516 0.376| 0.438 0.410 0.606 0.443 0.515 0.513
8.50% 0.425 0.264| 0.361 0.304 0.531 0.341 0.451 0.414

* The age ofheyoungerorrower orspouse.

3. Payment Plans

HECM borrowers access the equity available to them according to the payment plan they select.
Borrowers can change their payment plan at any time during the course of the loan as long as
they have not exhausted their principal limit. The payment plans are:

1 Tenure plan: a fixed monthly cash payment as long as the borrowers stay in their home;
1 Termplan: a fixed monthly cash payment over a specified number of years;

1 Line of credit: the ability to draw on allowable funds at any time and

1 Combinations of all of the above.

For the currently effective program, the initial disbursement period limitatiapplicable to all
payment plans and subsequent payment plan changes that occur during the initial disbursement
period.

4. Unpaid Principal Balance (UPB) and Loan Costs

HECMs differ from forward mortgage products as they require no repayment asdothng
borrowers continue to reside in their home and follow FHA guidelines on property maintenance,

13The PLFs shown here are based on the 8/19/2014 values provided at:
http://portal.hud.gov/hudportal/HUD?src=/program_offices/housing/sfh/hecm/hecmhomelenders

IFE Group
4


http://portal.hud.gov/hudportal/HUD?src=/program_offices/housing/sfh/hecm/hecmhomelenders

FY 2015 HECM Actuarial Review Section I. Introduction

real estate taxes and insurance. In general, the loan balance continues to grow with borrower
cash draws, and accruals of interest, premiums and senfisguntil the loan terminaté$.
HECMs can have fixed or adjustable interest rates and the adjustable rate can be adjusted
annually or monthly.

The initial cost of a HECM can be financed by adding it to the loan balance instead of paying
cash. Adding ito the loan reduces the remaining principal available to the borrower. These costs
include origination fees, closing costs, upfront mortgage insurance premiums astthyed

annual servicing fees. For all loans endorsed prior to October 4, 2010, uhences premiums
comprised an upfront premium of 2 percent of the MCA and an annual premium of 0.5 percent
of the unpaid principal balance. After October 4, 2010, the upfront premium remained at 2
percent for the Standard program but was set as 1 basiooptiie MCA for the Saver program.

The annual insurance premium increased from 0.5 to 1.25 percent of the unpaid principal balance
for both the Standard and Saver programs.

Starting from FY 20142 under the new policy the annual MIP rate of 1.25 peneanained the

same, but the upfront MIP was determined based on the amount of the initial cash drawn at loan
closing. An initial MIP of 0.50 percent of the MCA was charged if the initial draw amount is less
than or equal to 60 percent of the available mogclimit and 2.50 percent if the initial draw
amount exceeds 60 percent of the available principal limit.

5. Loan Terminations

HECM loans typically terminate when borrowers die, move out of their home, refinance the
HECM or sell the house. Loans catso terminate under foreclosure if borrowers fail to pay
property taxes or homeowner’ s i nsadthataxcaad Appe
insurance defaults.

When a HECM loan terminates, the current loan balance becomes due. If the net sakx$spro
from the home sale exceed the loan balance, the borrower or the estate is entitled to the
difference. If the net proceeds from the home sale are insufficient to pay off the full outstanding
loan balance and the lender has not assigned the notenttex tan file a claim for the shortfall,

up to the amount of the MCA. HECM loans are #meoourse, so the property is the only
collateral for the loan; no other assetsthe incomeof the borrowers can be accessed to cover
any shortfall.

6. Assignmentsand Recoveries

The assignment option is a unique feature of the HECM program. When the balance of a HECM
reaches 98 percent of the MCA, the lender can choose to terminate the FHA insurance by

4 The loan balance can also decrease or stay the same since borrowers have the option to make a partial or full repayment at an
time.
15 Mortgagee Letter 20137, September 3, 2013: Changes to the Home Equity Conversion Mortgage Program Requirements.
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redeeming the mortgage note with HUD at face value, a traosacotiferred to as loan
assignment. HUD will pay an assignment claim in the full amount of the loan balance (up to the
MCA) and will continue to hold the note untérmination. During the note holding period, the

loan balance will continue to grow by agirg interestadditional draws, premiununpaid taxes

and servicing fees. Borrowers can continue to draw cash as long as the loan balance is below the
current principal limit. The only exception is that borrowers on the tenure plan are not
constrained by the principal limit. At loan termination, the bormsvee their estates are required

to repay HUD the minimum of the loan balance andnibesales proceeds of the home. These
repayments are referred to as passignment recoveries.

C. FHA Policy Changes

FHA periodically implements policy changes toetlECM program, including changes in
insurance premiums, principal limit factors, FHA loan limits for HECMs and related program
features. These changes generally do not affect outstanding HECM contracts. FHA publishes the
policy changes in Mortgagee Lesewith several examples listed in the references at the end of
this report and in footnotes.

Exhibit I-2 indicates that the principal limit factors have become more conservative since FY
2009. The percentage decrease in the PLFs since 2009 variesobasedt he bor r ower
origination and the expected interest rate. This reduction in PLFs reduces the amount of equity
available to borrowers. This policy | owers th
financial risk accordinglybecausét reduces the likelihood that the unpaid principal balance will

exceed the net proceeds from the house sale. Extdlaitsoindicates that the FY 2014 program

was more conservative than the previous Standard program, because the principal limit factors

for the new program equaled 85 percent of the Standard program. The most recent policy
changé® effective on August 14, 2014 further reduces the principal limit factats applies

Special PLFs for spouses less than 62 years of age

18 Mortgagee Letter 20142, June 27, 2014: Home Equity Conversion Mortgage (HECM) Program: New Principal Limit
Factors.
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Exhibit I -2. Selected Pmcipal Limit Factors Changes for Standard HECMs the Expired
FY 2014 Program, and the Current Program

PLFs for

Expired FY PLFs for
PLFs for Standard Program Current

Borrower Expected 2014 Program

Age* at Mortgage Program
Origination Interest Rate — e FY 2011 SRR 8/4/2014
and Prior | FY?2010| 1o 8/3/2014 | 2&nd

FY2013 onward
35 5.50% 0.341
35 7.00% 0.187
35 8.50% 0.087
45 5.50% 0.381
45 7.00% 0.228
45 8.50% 0.133
55 5.50% 0.419
55 7.00% 0.270
55 8.50% 0.171
65 5.50% 0.649 0.584 0.569 0.483 0.478
65 7.00% 0.489 0.44 0.428 0.363 0.332
65 8.50% 0.369 0.332 0.326 0.277 0.227
75 5.50% 0.732 0.659 0.636 0.54 0.553
75 7.00% 0.609 0.548 0.516 0.438 0.410
75 8.50% 0.503 0.453 0.425 0.361 0.304
85 5.50% 0.819 0.737 0.703 0.597 0.644
85 7.00% 0.738 0.664 0.606 0.515 0.513
85 8.50% 0.66 0.594 0.531 0.451 0.414

* The age ofheyoungerorrower or pouse.

In early 2009, the U.S. Congress passed the AmeRemovery and Reinvestment Act of 2009
(ARRA) *" which mandated a temporary increase in the HECM loan limit to $625,500
nationwide, effective February 17, 2009 through December 31, 2009. The temporary loan limit
increase was later extended to December 31,0201 the Department of the Interior,
Environment, and Related Agencies Appropriations Act 28Mbrtgagee Letters 20129 and
201139 further extended the $625,500 loan limit through December 31, 2012. Mortgage Letters
201226, 201343, and 2014£5 againextended the same loan limit to December 31, 2013,
December 31, 2014, and December 31, 2015, respectively.

" ARRA was passedyithe U.S. Congress on February 13, 2009 and signed by President Barack Obama on February 17, 2009.
18 Department of the Interior, Environment, and Related Agencies Appropriations Act (H.R. 2996) was passed by the U.S.
Congress on October 29, 2009 and sibbg President Barrack Obama on October 30, 2009.
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D. Current and Future Market Environment

This section discusses the recent and projected market environment and the implications for the
HECM progran. In our projections of the cash flows associated with FHA insurance under the
HECM program, we used a set of 100 possible future economic scenarios, which were generated

by ourMonte Carlo simulation model. Each path produces a possible future scemdrmise
prices and unemployment and interest rates. T
baseline forecasts in the sense that our proj
forecast values as below them.

1. House Price GrowthRate

The house price growth rate trend forecasts for the nation, states and MSAs were obtained from
Moody’' s July 2015 f or €©ola(P®) repebsalds tHeuseRPHCE hade¥X u r ¢ h :
(HPI). The Purchas®nly Index is based on repeat sales at actual tthoegorices and does not

involve any appraised values. As such it provides a more direct and accurate measure of housing
mar ket conditions. Moody’' s state and MSA hous
area economic conditions including unemgl me n t rates. Moody’' s July
estimates from 2015Q3 to the end of 2045. We derive the House Price Appreciation (HPA) rates
from the local HPI, and extended the HPA forecasts during 2045 to years beyond 2045.

Exhibit I-3a presents arbi e f summary of the July 2015 Moody
as compared to the one used in the 2014 Reewc or di ng to this year' s
national house price growth rate is 5.71 percent through the fourth quarter of FY 201théhen

rate declines to positive 1.72 percent per annum by the fourth quarter of FY 2017, representing a
temporarily slowdown in house value growth rate. After that, the house price growth rate
gradually rises to a longun average annual rate of around Jp8€cent.

Exhibit-3b presents the HPI comparison between th
forecast and that of the July 2014. The updated forecast of HPI level grows faster during the first
three forecasting years, and then remains highertttea2014 forecast in all future years.
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Exhibit | -3a. House Price Appreciation Rates: Actual and Forecast from Year 2007 to 2044
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The house price projections for individusthtes generally differ from the overall national level.
The HECM portfolio active at the end of FY 2015 is concentrated in California, Florida, New
York and Texas. Nedgerm strong growth rates were forecasted for California and Texas, while
moderate ineases were forecasted for Florida and New York. The-termg trends of house
price growth for California and Florida
forecast, while those for Texas and New York are predicted to be slightly lowediffedrences
compared to |l ast year ' ' s Re3u foreahese targe staeedhrandvthe b e | ¢
national average.

ar e

Exhibit | -3c. Comparison of House Price Forecasts in Four States

House Price Growth Forecast
Short-Term Trend *° Long-Term Trend
Stat Percent of FY 2015 : - - -
s Portfolio Forecast in | Forecastin | Forecast in| Forecastin

FY 2015 FY 2014 FY 2015 FY 2014

Review Review Review Review

California 17.58% 9.11% 3.87% 4.55% 2.84%
Texas 10.34% 9.39% 5.94% 3.06% 3.16%
Florida 5.44% 4.61% 3.26% 3.47% 2.91%
New York 6.53% 6.12% 3.28% 2.22% 2.70%
National Averags 5.99% 2.94% 3.20% 3.03%

The stronger growth rates in house price affects the HECM portfolio in two ways. First, we
observe strong shetérm recovery in states that suffered thest in the recent recession, such

as California. The higher forecasted housing value leads to more refinancing and lower claim
payments. The improved house price growth rates in FYs-2018 also increase the recovery
revenue of HECM loans. Consequentlye projected lower average future claim loss for the
HECM portfolio.

Second, a nederm strong house price forecast and loegn positive growth rate increase the
additional equity available to a borrower through refinancing. However, this bendfdeas loy

the lower principal limit factors imposed in the FY 2014 and the August 14, 2014 policy change
allowing a younger nceborrowing spouse. The net benefit would be the combined effect of
house price appreciation and a lower percentage of alloweddcask. Appendix A provides a
detailed analysis of HECM refinancing.

Compared with | ast year’s baseline scenari o,
baseline scenario is more optimistic, which leads to larger recoveries at terminatitowaend s
assignments.

19 Shortterm trend means the growth rateer CY 2015Q3aCY 2016Q3. Longerm trend means the annualized growth rate from
CY 2015 to CY 2045.
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2. Interest Rates

According to Federal Reserve Board statistics, theyaae U. S. Treasury rate has stayed at a
record | ow | evel over the past sever al year s.
of quantitative easing B2 ) i n November 2010, and “Operati
2011, the 16/ear Treasury rate continued to drop since 2010 and reached its lowest point since

the 1950s in 2012. Since then, it had risen slowly, and reached 2.77% in 2014Q1. After a
tempoarily drop to 1.97% in 2015 Q1, the rate has rallied and is predicted to continue increasing

in the future. The ongear London Interbank Offered Rate (LIBOR) is forecasted to stay low in

the near future, as shown in Exhibia.

Exhibit | -4a. Selected kétorical Interest Rates

Interest Rate
Rate type
2013 Q3 2014 Q3 2015 Q3 (Forecaéf’)
lyr CMT 0.12% 0.11% 0.17%
10yr CMT 2.71% 2.50% 2.52%
lyr LIBOR 0.67% 0.56% 0.65%

Approximately 83percent of loans in the FY 2015 book of business are adjustable rate loans (see
Section IV for a detailed breakdown). The mortgage interest rate for adjusteEbldECMS is
equal to the sum of t he Thedaerate can b@eyeanTdeadulye | e n
rate or oneyear LIBOR rateThe expectedtHECM mortgage interest ratdfects the amount of

equity available to borrowerd’The PLF increases as the expected rate declines for a given
borrowerageMoody ' s has f earTceassytratedo riselsteadily 0.5 percent

by FY 2018 and to stabilize to a lomngn rate of around 3.8 percefithis forecast obneyear
Treasury rate implies a continued low interest rate environment, which enables borrowers to
access a large percentadettteir home equityHowever, even thoughneyear Treasury rates
remain at a low level, average lender margins have increased from an average of 1.5 percent
during 2008 and prior years to 2.5 percent from 2009 to 2011. In 2012, lender margins further
increased to 3.0 percent. Among FY 2015 originations, the margin remained high, at 2.56
percent foradjustable ratans.

Exhibit I-4b shows the comparison of theygar Treasury rate forecasts in the 2014 and 2015
Reviews. The realized-ylear Treasury ratesn 2015 turned out to be close to what was
forecasted by Moody’s in Jul-termdeQel df the dars o t he
Treasury rate is adjusted downward this year,

®hased on projection published by Moody’'s on July 2015.
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Exhibit I -4b. 1-Year Treasury Rate Forecasts
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3. HECM Demand

HECMs started as a pilot program in 1989 and became a permanent program in 1998. Between
2003 and 2008, the number of HECM loans grew steadily because of increased product
awareness on the part of potential applicants, lower interest rates, higher hoescaval higher

loan limits. Demand remained steady during the financial crisis with about 114,412
endorsements in FY 2009, similar to the level in FY 2008. The PLF reductions listed in Exhibit
I-2 and house price depreciation have contributed to a décllHECM demand since FY 2009.

The initial disbursement limitation and reduction of PLFs in FY 28itsificantly decreased

HECM demand compared with endorsement volume in 2013. ExkhisHows the actual
numbers and dollars of endorsements in FY 2008utitr FY 2024 as well as the estimated
wholeyear values for FY 2015 (based on data as of June 30, 2015). The exhibit also presents the
volume projections for FY 2016 through FY 2022 based on our updated HECM demand model
described in Appendix E. The projem has included possible ndrorrowing spousebrought

in by Mortgagee Letter 20142.
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Exhibit | -5. Actual and Forecasted FY 2009 to FY 2022 Endorsements

Fiscal Number of Average MCA per Total Endorsements
Year Endorsements Endorsement ($millions)
2009 86,635 260,029 22,528
2010 61,922 261,554 16,196
2011 59,722 243,655 14,552
2012 46,262 235,036 10,873
2013 53,837 241,447 12,999
2014 47,646 258,656 12,324
2015 58,000 271,779 15,763
2016 55,000 274,052 15,073
2017 60,465 281,735 17,035
2018 64,174 285,789 18,340
2019 67,094 291,346 19,548
2020 69,751 299,151 20,866
2021 72,163 308,787 22,283
2022 74,336 319,021 23,715

HECM borrowers represent about 0.9 percent of all households with at least one member aged

62 years or older (according to AARP). If this ratio is maintained, the number of reverse
mortgages will continue to increase with the expected growth of the gmpatation. In FY
2014, 18 percent of the population (approximately 57 million) was 62 or older. According to the

u. S.

Census Bureau

S projection, 21 percent

62 or older in 2020 and this will grow to pércent of the population (approximately 86 million)

by 2030. Furthermore, as longevity is expected to increase, more seniors may have insufficient
savings to sustain their financial needs in retirement, potentially increasing the demand for

HECMs.

4. HECM Secondary Market

The secondary market enhances HECM liquidity by providing capital market funding to primary

market HECM lenders, broadening distribution channels for HECM loans and expanding the

investor base for the HECM product. Fannie Mae had lleerargest portfolio investor of

HECM loans. However, new secondary market investors have emerged, replacing Fannie Mae as

IFE Group
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the predomi nant outlet for this business. F a
dropped from over 90% in early 2009léss than 1% in the third quarter of 2010.

Since December 2010, Fannie Mae ceased acquisitions of newly originated reverse mortgages,
and continues to manage the existing HECM books of budinéss of December 31, 2014,

Fannie Mae held for investment $dflion in HECM.

Ginnie Mae implemented a HECM Mortgage Backed Security (HMBS) product in 2007. Under
this program, Ginnie Mae approved issuers can pool and securitize newly originated HECMs.
During FY 2010, Ginnie Mae had issued nearly $12 billion MB$s compared to $5.1 billion

in FY 2009. The issuantdevel dropped to $10.8 billion in FY2011, to $8.5 billion in FY 2012,

to $9.2 billion in FY 2013, to $7.1 billion in FY 2014 and $6.7 billion in first three quarters of
FY 2015.

The secondary markeictivities do not directly affect our actuarial projections, but a change in
secondary market liquidity could potentially impact the volume of future endorsements.

E. Data Sources and Future Projections

This Review focuses on the economic value ofdNEloans in the MMI Fund, which consists of

the loans from FY 2009 through FY 2015 endorsement cohorts that were active at the end of FY
2015. All historical HECM data were used to analyze and better understand the performance of

the loans within the progm and to develop the termination model estimates. These data include

loans that were endorsed under the General Insurance (GI) Fund over FY 1990 to FY 2008, as
well as the loans endorsed under the MMI Fund beginning in FY 2009. Since the MMI fund was
chaged with covering the | osses accruing in 1|o
portfolio” is defined to include only these m

Borrower characteristics and loan features are based otelegindata as of June 30, 2015. The

acual endorsement volume is annualized for the remaining three months of the fiscal year.

Hi stori cal dat a and forecasts of economic 0
economy.com website. These data include theyeae and tetyear Treasury ratesneyear

LIBOR rates, the median house price, the unemployment rate and the Federal Housing Finance
Agency (FHFA) purchasenly house price index appreciation rates. FHA provided estimates of

the composition of borrower characteristics for future endorsesmée used an annual cash

flow model by fiscal years to estimate the present value of the HECM future cash flows.

2! Selling guide updates, Announcement SE111-05, Fannie Mae , June 28,2011
22 hitp://www.ginniemae.gov/media_center/Pages/monthly_issuance_reports.aspx
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F. Structure of this Report

The remainder of this report consists of the following sections:

1 Section Il. Summary of Findingspresets the estimated economic value and insurance
in-force for the FY 2015 through FY 2022 MMI HECM portfolios. It also provides a
stephy-st ep analysis of changes from | ast year

1 Section Ill. Current Status of the HECM Programnalyzes the estimateeconomic
values in further detail.

9 Section IV. Characteristics of MMI HECMspresents various characteristics of HECM
endorsements for fiscal years 2009 through 2015.

1 Section V. HECM Performance under Alternative Scenarimesents the HECM
portfolio economic values using alternative economic scenarios.

1 Section VI. Summary of Methodologypresents the loan performance and cash flow
models used to estimate the economic values in this report.

1 Section VII. Qualifications and Limitationrsdescribes thenain assumptions and the
limitations of the data and models relevant to the results presented in this Review.

1 Appendix A. HECM Base Termination Modeprovides a technical description of the
loan performance model for the causes of loan termination excluding Tax and Insurance
defaults (which is described separately in Appendix D).

1 Appendix B. HECM Loan Performae Projections- provides a technical description of
the loan termination projection methodology and the characteristics of the future
endor sement cohorts modeled in this Review
economic forecasts for interest rated &dome prices that produced the baseline Monte
Carlo simulation as well as six selected alternative scenarios.

1 Appendix C. HECM Cash Flow Analysisprovides a technical description of the cash
flow model covering the various sources of cash inflows ast outflows that HECM
loans generate.

1 Appendix D. Tax and Insurance Default Analysigresents a technical description of the
tax and insurance default model developed for this Review. It also explains how the tax
and insurance default model is implertexd in the cash flow projections.

1 Appendix E. HECM Demand Modelpresents a technical description of the HECM
demand forecasting model and its implementation.

1 Appendix F. Stochastic Forecast of Economic Variablpsesents the time series
econometrienodel estimates of the stochastic economic variables that drive future cash
flows.
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Section II. Summary of Findings

This section presents the projected economic values and insumaiocee of the FY 203

through the FY 222 HECM MMI portfolios. An MMI-d e si gnat ed f i scal y e a
defined as the set of loans that survive to the end of the fiscal year and were endorsed in FY 2009

or later, when the MMI fund was responsible for HECM losses. In addition to the capital
resources as of the end of the fiscal year, the economic value of the HECM MMI portfolio
depends on the discounted net present value of the future cash flows from the surviving portfolio

of loans existing at the start of the valuation forecast (the ertediscal year under review). A
fiscal year’'s economic value <calcul mfuuen does
fiscal years.

A. The FY 2015 Actuarial Review

The FY 205 Actuarial Review assessed the actuarial soundness of the HECM portfolio in the
MMI Fund (the HECM Fund) as of the end of FY BGnd projected the status of the portfolio
through FY 2@2. In this Review, we:

1 Analyzed all HECM historical termination expance and the associated recoveries using
loanlevel HECM data maintained by FHA through June®01

1 Developed loan termination models to estimate the relationship between loan termination
cash flows and various economic, borrower and-kecific factors.

9 Constructed a stochastic simulation model for 100 possible economic scenarios of interest
rates unemployment rateand house price indices. These economic paths were calibrated
to center around the baseline macalgiegsc onomi
in July 2015.

1 Estimated future cash flows associated with the projected F8 20FY 2@2 HECM
MMI portfolios using various assumptions. These assumptions included simulated
economic conditions from our Monte Carlo model, borrower characteristi¢sture
endorsements and hommaintenanceisk adjustment factors.

1 Estimated the economic value of the HECM MMI portfolio from FY 2@&rough FY
2022, using expected cash flows from the Monte Carlo simulation and discount factors
prescribed by the OMB.

1 Investigated the sensitivity of the economic value of the Fund among seven future possible
economic scenarios from our Monte Carl o s
forecasts, as well as with respect to marginal cheingde majoreconomic factcs:

The following is a summary of the major findings in this Review, as shown in Exhibit I
These findings come from the stochastic si mu
baseline economic trend forecast. Our baseline estimate is the avetageeoonomic values

over these 100 paths.
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1 The economic value as of the end of FY 20ks estimated to heositive$6,778million.
1 The economic value of the HECM MMI portfolio was projected to improve steadily over

the next seven years and becortid,665million by the end of FY 220.

1 The insurancen-force (lIF) is expressed as the sum of the maximum claim amounts
(MCAs) of all HECM loans remaining in the insurance portfolio (even though losses are

not limited to the MCA). The estimated IIF refks the combined, cumulative impacts of

loan terminations and new endorsements. The IIF was estimated to be $105,234 million
at the end of FY 2@.and was estimated to increase to $184,492 million by the end of
FY 2022.

Exhibit Il -1. Baseline Economic Ve, Insuranceln-Force, and Endorsements for FY 208
through FY 2022 ($ Millions)

Fiscal Economic Insurance in | Volume of New Ec?nom|hc Value Inve_stment
Year Value Force™ Endorsements** | o o EachiNew Earnings on
ook of Business| Fund Balance

2015 6,778 105,234 15,763 302

2016 7,429 109,334 15,073 575 76
2017 8,222 120,424 17,035 636 157
2018 9,135 132,573 18,340 692 221
2019 10,133 145,236 19,548 716 282
2020 11,213 158,091 20,866 738 342
2021 12,395 171,103 22,283 788 394
2022 13,665 184,492 23,715 823 447

* All values are as of the end of the fiscal year.
** |nsurance in Force is estimated as the total of the MCAs of the remaining loans in the insurance portfolio.
*** Projections based on the HECM demand model in Appendix E multiplied by the average MCA. This volume number in FY

2015 reflects the outstanding loans at the end of the fiscal year, and excludes loans endorsed and terminated in¢he same fis

year.

B. Changes in the Economic Value

The FY 204 HECM Review estimated that the HECM portfolio had an economic value of

negative$ 1, 16 6

mi ||

on at t he

end of

FY 2014

positive$6,778million at the end of FY @15. Exhibit 1I-2 shows the capital resourcesofishe

end of FY 2014 andoy applying FY 2015 financial statement§he btal HECM capital
resources were reported to be $8,816 million at the end of F¥. BHsed on actual results

through September 31, 2B, the HECM capital resources have increase® 632 million. We
estimated the net present value of future cash flows for surviving loans at the end ofSRy 201

be negative$2,854 million. The economic value at the end of FY52@4s therefore estimated

to bepositive$6,778million.
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Exhibit 1 -2. Projected Economic Value of the HECM Portfolio in the MMI Fund at the
End of FY 2015 ($ Millions)

Item End of FY2014"Y End of FY2015
Total Capital Resources as of EQY $8,816 $9,632

+ NPV of Future Cash Flows on Outstanding Business (2,854)
Economic Value $6,778
Insurance- In- Force $105,234

(1) Source: Audited Financial Statements for FY4£01

C. Decomposition of the Differences in the FY 2015 Economic Value as Reportedhie FY
2014 and FY 2015 Reviews

The economic value of the HECM portfolio in the MMI Fund changed fnemgative$1,166

million in FY 2014 as estimated in the FY 20Review topositive$6,778million in FY 2015 as
reported in this year’' s Revi oWwhe setand dolankoe n f r
Exhibit 11-3, representingn increasein value of ¥,944million. This increase in valugesuls

from the combination olupdating realized actual perform&nof the Fund over the past two
years,neweconomic forecasts anghdated and enhancetbdel estimation.

Exhibit II-3 preserd the stepby-step changer om t he FY 2014 economic
estimate of the FY 2015 economic valdesimilar analgis for FY 2021 is also included. Note

that FY 2021 is the last projected fiscal year common to both Reviews. Also note that the order
of the decomposition may affect the magnitude of the changes in value due to individual
attributions.

The second row dExhibit II-3 adjuss the estimated FY 2014 economic value by the estimated
time value ofcash flowsfrom FY 2009 to FY 2014 books of business duii¥y2015 The third

row of Exhibit I-3 further includeghe presentvalue of the FY 2015 boolAfter these two
adjustments, theconomic valueas of end ofFY 2015 estimated in the FY 2014 Revieww
negative $1,071 millionThe subsequentows are identified bymallcase letters; each row is
discussed irdetail below The projected economic valué the Fund as of the end bbth FYs
2015 and 2021 ameported
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Exhibit Il -3. Sources of the Change in Economic Value for the HECM Portfolio in the

MMI Fund between FY 2014 and FY 2015 ($ Millions)

Change in FY Change in FY
2015 FY 2015 2021 FY 2021
Economic Economic Economic Economic
Decomposition Steps Value Value Value Value
FY 2014 Economic Value Present
in FY 2014 Review -1,166
FY 2015 Economic Value Present
in the FY 2014 Review Excluding
the FY 2015 Boolof-Business -3 -1,169
Plus:Forecasted Value of FY 2015
Book-of-Business Presented in the
FY 2014 Review 98
Equals: FY 2015 Economic Value
Presented in the FY 2014 Review -1,071 1,036
plus: a. Origination Volume Updat
for FY 2014 and.ater Books 59 -1,012 29 1,065
plus: b. Update Performance and
Future Book Compositions -345 -1,356 -188 878
plus: c. 2015 Model Update and
Adjustments for Policy Change -1,089 -2,445 -917 -39
plus: d. Economic Scenario Updat 4,763 2,318 7,217 7,178
plus: e. Discount Factdspdate 4,460 6,778 5,217 12,395
Equals: Estimate of Economic
Value 7,849 6,778 11,359 12,395

a. Origination Volume Update for FY 2014 andL. ater Books

In theFY 2015 Review, the volume of endorsements occurring in FY 2014 was lower than the
endorsement projection used in the 2014 Review, while the volume of endorsements occurring in
FY 2015 was higher than the endorsement projection used in the 2014 Reviewth8ince
economic value othe FY 2014 book was negative, whitee economic value othe FY 2015

book was positive in the 2014 Review, both volume updates increase the economic value. They
increase the economic value of the FY 2015 and FY 2021 postfoyidd® million and $29

million, respectively.

b. Update Performance and Future Book Compositions

When we use FY 2015 actual data to replace estimated 2015 performance estimatéin the
2014 Review, the change the FY 2014 portfolio value in this step mdy consists ofthree
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parts: (i) Update actual compositions fbe FY 2014 and FY 2015 books, attie forecased
compositions for FY 2016 and later books; thg books folFYs 20092014 are updated with
actual termination and assignment data for thet pe@ar and (iii) the update of capital resources.
The combined effect is $345 million decrease in the economic value for FY 2GiHs a
decrease of 88 million for FY 2021.

c. 2015 Model Update and Adjustments for Policy Change

In this 2015 Review, the major change in the termination models is the T&l default behavior. As
described in Appendix D, HECM loans after assignment are assumed not to be foreclosed even if
borrowers fail to pay taxes and insurance. FHA is assumed tcapay for those T&l default
loansuntil their terminations. We assuntieat 25 percent of loans after assignment will go T&l
default. This assumption leads to a cash outflowntherHECM portfolio going into the future

and hencereduce the economic valueCombired with other model updates and the re
estimation of model coefficients using updated data, the FY 2015 model update reduces the FY
2015 economic value by $1,089 milli@mdthe FY 2021 economic value is reduced §1%

million.

d. Economic ScenaridJpdate

From theFY 2014 to theFY 2015 Review, the macroeconomic forecast changes have a
favorable impact on the forecasted FY 2015 economic value. First, the highdedongiPI
forecast would improve the sales revenue for conveyed properties andntiease the
recoveries. Second, the lowety&ar Treasury ratever the longer terrwill reduce theaccrual

rate for unpaid mortgagebalances, resulting itower claims and delay of assignmentsAs
inferred from the sensitivity tests shown in Section \i&& major impact comes from the
former. After updatingthe market conditios, the economic value increased by $4,763 million
for FY 2015 and by $7,21willion for FY 2021. This is the largest factor leading to the
significant improvement in economic valties yearcompared tdast year.

e. Discount Factor Update

This decomposition step shows the effect of switching to the FY 2016 discount factors. The
latest OMB published discount factors are higher than the values of the FY 2015 factors used in
lastyar ° s Review, as shown in Appendix C. The hi
of the present values of positive cash flows and the absolute size of the present value of negative
cash flows.The HECM loans consistf recoveries with positive cash flow and claims with

negative cash flow, which essentially offset each other. As recoveries occur at longer durations
than claims, the updated higher discount factors have a larger impact on the cash inflows than on

the cah outflows. As the result, the FY 2015 HECM economic value increased by $4,460
million and the FY 2021 HECM economic value increased by $5yillion.
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Section Ill. Current Status of HECMSs in the MMI Fund

This section presents the components of the economic value for FY 2015 and also themsojecti
through FY 2022. The HECM portion of the MMI Fund has an estimated economic value of
positive$6,778million at the end of FY2015. The economic value and the insuranemrce of

the HECM program are both projected to increase overumder the badine assumptian

A. Estimating the Current Economic Value and Insurancein-Force of HECM in the MMI
Fund

This section discusses the economic value and the insvrafmee of the MMI Fund HECM
portfolio.

1. Economic Value

According to NAHA, thee conomi ¢ value of the Fund is defi
Fund, plus the net present value of all future cash inflows and outflows expected to result from
t he outstanding mortgages in the Fund. M We es

portfolio as the sum of the amount of capital resources and the net present value of all expected
future cash flows from the estimated insuraitcéorce as of the end of FY 2015. Exhibit-1lI
presents the components of the economic value for FY %ata through June 2015 was
annualized to estimate the total capital resources and the loan performance to the end of FY
2015. The total economic value consists of the following components:

1 Total Capital Resourcesquals assets less liabilities in the &#ins bal ance sheet.
capital resource is reported to b@&2million at the end of FY 2015 by the audited FHA
MMI Fund financial statement.

1 Present Value of Future Cash Flows on Outstanding Busiassists of cash inflows and
outflows. HECM cash inflows consist of premiums and recoveries. Cash outflows consist of
claims and notéolding expenses. The cash flow model projects cash inflows and outflows
using economic forecasts and loan performance projections. The present value ofr@et futu
cash flows is estimated to hegative$2,854 million as of the end of FY 2015.

2 Note that Exhibit 1141 is the same as Exhibit®, reproduced in this section for easy reading.
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Exhibit Il -1. Projected Economic Value of the HECM Portfolio in the MMI Fund at the
End of FY 2015 ($ Millions)

Item End of FY2014"Y End of FY2015
Total Capital Resources as of EOY $8,816 $9,632

+ NPV of Future Cash Flows on Outstanding Busines: (2,854)
Economic Value $6,778
Insurance- In- Force $105,234

(1) Source: Audited Financial Statements for FY 2014
2. Insurancein-Force

According to NAHA, the insuranea-f or ce (I | F) I's defined as t he
mortgages.” We estimate the |1 F as the total
remaining in the insurance portfolio as of the end of FY 2015. Anothssilpe IIF measure is

the outstanding loan balances, which tend to increase over time from interest accruals, premiums,
service fees and borrower cash draws. As the main purpose of this review is to assess the long
term financial performance of the HECMrtfolio, using the current loan balances to estimate

the IIF could under e pr e s e n t -tefmkhAuraace €xposuge depending on the distribution

of loan ages in the HECM portfolio. In contrast, the aggregate MCAs for the portfolio will only
depend on isurance termination and will be more stable over time. The MCA is the highest
claim amount FHA may be required to pay out at insurance termination, although it does not cap
the possible exposure.

Exhibit 111-2 presents the estimated survival loan counat msurancen-force for FY 2009 to
FY 2015 endorsements at the end of FY 2015.

Exhibit Il -2. Estimated Survival Loan Count and Insurancein-Force

Endorsement| Net Present Value of Futur| Survival Loan| Insurancein-Force §
Fiscal Year Cash Flowg$ Millions) Count Millions)

2009 -1,351 86,635 22,528

2010 -998 61,922 16,196

2011 -165 59,722 14,552

2012 -148 46,262 10,873

2013 -314 53,837 12,999

2014 43 47,646 12,324

2015 80 58,000 15,763
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B. Projected Future Economic Values andnsurance-In-Force of HECMs in the MMI
Fund

We present the forecasts of the future economic values and insurgoneee projected for MMI

HECMs. We estimated these future values by applying our termination, loss rate afidwash

models to the endorsemts, which were forecasted by the HECM demand model described in
Appendi x E. FHA" s forecast of borrower- char a
level characteristics of future endorsements.

Exhibit 111-3 shows the estimated economic valuekiture MMI HECM books of business and
the corresponding insuranaeforce?* All values in the exhibit are discounted to the end of each
corresponding fiscal year.

Under the stochastic simulation approach, we estimated the economic value bythaking
average over 100 simulated paths. On this basis, we project the economic value of the MMI
HECM portfolio to gradually increase fron®F78million in FY 2015 to $3,665million in FY

2022, as shown in the first column of Exhibit-B1 This increase iprimarily due to the
projected positive economic value brought to the Fund by new endorsements. The initial
disbursement limitations and the strong housing market recovery make these newer books
profitable.

With the addition of new endorsements, thil insurancen-force is estimated to increase from
$105,234 million at the end of FY 2015 ta88,492million in FY 2022. This represents an
average net increase df323million per year.

24 Note that Exhibit 143 is the same as Exhibit-1l, reproduced in this section for convenience.
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Section Il . Current Status of HECMs in the MMI Fund

Exhibit Ill -3. Baseline Economic Value of the HECM Portfolio in the MMI Fund in Future

Years ($ Millions)

Fiscal | Economic| Insurance Volume of New E(;cf)r:zoarzlhc ,:I/:\:\llje Ilzg\;ﬁ?r:msega
Year’ Value in Force™ | Endorsements*** . 9
Book of Business| Fund Balance

2015 6,778 105,234 15,763 302

2016 7,429 109,334 15,073 575 76
2017 8,222 120,424 17,035 636 157
2018 9,135 132,573 18,340 692 221
2019 10,133 145,236 19,548 716 282
2020 11,213 158,091 20,866 738 342
2021 12,395 171,103 22,283 788 394
2022 13,665 184,492 23,715 823 447

* All values are expressed as of the end of the fiscal year.
** |nsurance in force is estimated as the sum of the maximum claim amounts of the remaining insured loans.

*** Projections based on the HECM demand model in Appendix E multiplied by the average MCA. This volume number in FY
2015 reflects the outstanding loans at the end of the fiscal year, and excludes loans endorsed and terminated in¢he same fis

year.
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Section IV. Characteristics of the MMI HECM Books of Business

This section presents the characteristics of the HECM portfolio for thevHIB&ns endorsed

from FY 2009 through FY 2015. HECM loans were first included in the MMI Fund in FY 2009.
The loans from these books of business that have not terminated constitute the MMI HECM
portfolio as of the end of FY 2015. A review of the charasties of these books helps define

the current risk profile of MMI HECMs, which includes these books and, going forward, all
future HECM books. Some of the characteristics of previous books are shown as well, to indicate
trends. All data used for this agsis were provided by FHA as of June 30, 2015.

A. Volume and Share of Mortgage Originations

FHA endorsed 42,531 HECM loans from October 1, 2014 to June 30, 2015, with a total dollar
value, measured by the MCA, of $11.59 billion. FHA estimates that the #tnual
endorsements in FY 2015 will be about 58,000 loans and the corresponding dollar value will be
about $15.90 billion. The total endorsement number of FYs -2009 was 432,925. The
corresponding dollar value was $110.72 billion. Since the incepfitime HECM program, this
program has been the largest reverse mortgage product in the U.S. market, representing the vast
majority of reverse mortgages. Exhibit-IVpresents the count of HECM endorsements by fiscal
years.

Exhibit IV -1. Number of HECM Endorsements per Fiscal Year

140,000

120,000

100,000

80,000

60,000

40,000

20,000
O 4 N M & LD O~ 0 OO O d AN M & IO O~ 00O O 4N M < W
DO OO OO O O O O O O OO0 O O o o d o d o
D OO OO OO OO OO O O O O o O O o O O O o O O O
™ e NN AN NN NN AN NN NN NN NN

m Projected 7/1/2015 to 9/30/2015 m Endrosements as of 6/30/2015

IFE Group
27



FY 2015 HECM Actuarial Review Section IV. Characteristics of MMI HECMs

B. Payment Types

HECM borrowers receive loan proceeds by selecting from various paymenti@ansrm, line

of credit, tenure and combinations. Exhibit -2/ presents the distributions of HECM
endorsemestfor FYs 2009through2015 by payment plan. As of June 30, 2015, the majority of
HECM borrowers selected the line of credit option. This option accounted for 94 percent of the
FY 2015 endorsements.

Exhibit IV -2. Distribution of FY 2009-FY 2015 HECM Loans by Payment pe

Line of Term + Tenure +
FY Loan Type Term Credit Tenure Line of Line of Total
Credit Credit

Number of 993 104,689| 1,927 4,284 2,515 114,408
2009 Loans

Percentage 0.87% | 91.50% | 1.68% 3.74% 2.20% 100.00%

Number of 411 74,364 782 2,180 1,317 79,054
2010 Loans

Percentage 0.52% | 94.07% | 0.99% 2.76% 1.67% 100.00%

Number of 312 68,924 717 2,014 1,141 73,108
2011 Loans

Percentage 0.43% | 94.28% | 0.98% 2.75% 1.56% 100.00%

Number of 189 51,826 538 1,426 839 54,818
2012 Loans

Percentage 0.34% | 94.54% | 0.98% 2.60% 1.53% 100.00%

Number of 327 56,697 668 1,374 857 59,923
2013 Loans

Percentage 0.55% | 94.62% | 1.11% 2.29% 1.43% 100.00%

Number of 460 47,930 891 1,422 911 51,614
2014 Loans

Percentage 0.89% | 92.86% | 1.73% 2.76% 1.77% 100.00%

Number of 463 | 39,821 | 672 883 692 42,531
2015 Loans

Percentage 1.09% | 93.63%| 1.58% 2.08% 1.63% 100.00%
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C. Interest Rate Type

HECM borrowers can select fixed or adjustable rate mortgages. Exhii8t $hows the
distribution of HECM endorsementsr FYs 2009 through 2015 by interest rate type. The
majority of HECM borrowers selected monthly or annually adjustable rate mortgages in FY
2009. However, the percentage of fixede endorsements increased sharply from 12 percent in
FY 2009 to 69 percent iRY 2010 and maintained that levelFYs 2011 and 2012. Then fixed

rate loans climbed further to 72 percent of endorsements in the first three quarters of FY 2013.
After that, fixedrate HECM loans dropped sharply. In FY 2013 as a whole, it dropped to 61
percent, andby FY 2015, ithaddroppeddownto 17 percent.

The LIBOR-indexed loans were in the 30 to 40 percent range over FYSZIKR In FY 2014,

they increased to 81 percent, as the fixe@ option correspondingly declined in popularity. In

FY 2015 they increased tan all-time high at 83 percent. Monthly adjustable LIBOR has been
the dominant choice during the most recent 2 years, while the annual adjustable LIBOR option

gainedconsiderablgopularityin FY 2015.

Exhibit IV -3.

Distribution of FY 2009FY 2015 HECM Loans by Interest Rate Type

29

Libor Indexed Treasury Indexed
Index _
FY L Annually Monthly Annually Monthly Fixed Total
Type Adjustable | Adjustable | Adjustable | Adjustable

Number of 23 39,574 696 60,805 13,310 114,408
2009 Loans

Percentage| 0.02% 34.59% 0.61% 53.15% | 11.63% 100.00%

Number of 7 24,174 9 396 54,468 79,054
2010 Loans

Percentage| 0.01% 30.58% 0.01% 0.50% 68.90% 100%

Number of 8 23,317 2 44 49,737 73,108
2011 Loans

Percentage| 0.01% 31.89% 0.00% 0.06% 68.03% 100.00%

Number of 1 16,688 4 77 38,048 54,818
2012 Loans

Percentage| 0.00% 30.44% 0.01% 0.14% 69.41% 100.00%

Number of 2 23,572 0 14 36,335 59,923
2013 Loans

Percentage| 0.00% 39.34% 0.00% 0.02% 60.64% 100.00%

Numberof | 1234 | 40,735 2 3 9,640 51,614
2014 Loans

Percentage| 2.39% 78.92% 0.00% 0.01% 18.68% 100.00%

Numberof [ 15,481 19,971 12 8 7,059 42,531
2015 Loans

Percentage| 36.40% | 46.96% 0.03% 0.02% 16.60% 100.00%
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D. Product Type

Al most al l of the | oans endorsed in FY 2009
the borrowers had purchased their homes prior to taking out the reverse mortgage. AttECM
Purchase program was introduced in January 2009. This pradi@ans serfors to purchase a

new principal residence and obtain a reverse mortgage with a single tranddoti@ver, these
HECM-for-Purchase loanwere never more tha# percent ofHECM endorsementfor each
subsequent yeaas seen in Exhibit M.

Exhibit IV -4. Distribution of FY 2009-FY 2015 HECM Loans by Product Type

HECMs for Purchase
Traditional First Month Cash First Month Cash
FY Product Type HECMs Draw >= 90% of Draw < 90% of Total
Initial Principal Initial Principal
Limit Limit

Number of 113,850 84 474 114,408
2009 Loans

Percentage 99.51% 0.07% 0.41% 100.00%

Number of 77,665 199 1,190 79,054
2010 Loans

Number of 71,570 326 1,212 73,108
2011 Loans

Percentage 97.90% 0.45% 1.66% 100.00%

Number of 53,191 390 1,237 54,818
2012 Loans

Percentage 97.03% 0.71% 2.26% 100.00%

Number of 57,834 101 1,988 59,923
2013 Loans

Percentage 96.51% 0.17% 3.32% 100.00%

Number of 49,789 452 1,373 51,614
2014 Loans 0 0 0 0

Percentage 96.46% 0.88% 2.66% 100.00%

Number of 40,855 577 1,099 42,531
2015 Loans

Percentage 96.06% 1.36% 2.58% 100.00%
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E. Endorsement Loan Counts by State

Among all endorsementsn FY 2009 through FY 2015, approximately 37 percent were
originated in California, Florida, Texas, and New York as measured by loan counts. California
had the highest endorsement volume every year over tar6period at 13.7 percent, 14
percent, 13.5 percent, 12.7 pargeld.1l percent, 17.5 percent, and 18.8 percent, respectively.
While Florida had the second highest endorsement volume in both FY 2009 and 2010, the
percentage in FY 2010 decreased by more thasttorte from 13.2 percenh the previous year

to 9.0 perent. Its volume continued to drop to 6.8 percent in FY 2011. Since then, it stabilized
in the range of 6 to 7 percent. In FY 2015, it rose back to the second highest at 8.3 percent. The
endorsement volume in Texas increased steadily from FY 206¥ 8011 and has been the
second highest state of endorsement voltoné-Ys 2011-2014. It dropped in recent years and

was the third largest HECM state in FY 2015. The endorsement breakdown of these top four
states is shown in Exhibit Mg.

Exhibit IV -5. Percenage of Endorsements by State for FY 2009FY 2015 HECM Loans

FY State California Florida New York Texas Total
2000 NUTAER 66 LeEis 15,658 15,090 6,085 7,590 114,408
Percentage 13.69% 13.19% 5.32% 6.63%

S Number of Loans 11,059 7,109 4,624 6,307 79,054
Percentage 13.99% 8.99% 5.85% 7.98%

2011 Number of Loans 9,851 4,971 4,342 6,671 73,108
Percentage 13.47% 6.80% 5.94% 9.12%

2012 Number of Loans 6,961 3,369 3,943 4,900 54,818
Percentage 12.70% 6.15% 7.19% 8.94%

2013 Number of Loans 8,428 3,907 3,807 5,127 59,923
Percentage 14.06% 6.52% 6.35% 8.56%

2014 Number of Loans 9,047 3,583 3,028 3,845 51,614
Percentage 17.53% 6.94% 5.87% 7.45%

o Number of Loans 8,002 3,544 2,492 3,146 42,531
Percentage 18.81% 8.33% 5.86% 7.40%
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F. Maximum Claim Amount Distribution

The MCA is the minimum of the FHA HECM loan limit and the appraised value (or if a HECM
for-purchase, the minimum of the purchase price or appraised value). It is used as the basis of the
initial principal limit determination and as the cap on the potential insurance claim amount.
Exhibit IV-6 shows the distribution of HECM endorsements over FYs 2009 through 2015 by the
MCA level. Approximately 64 percent of loans endorsed in FY 2009 had an M&Athan
$300,000 and this percentage was approximately 66 percent for FY 2010. The loans with MCA
less than $300,000 increased to 70 percent in FY 2011, 72 percent in FY 2012, 71 percent in FY
2013, and then dropped to 67 percent in FY 2014. In FY 205ndimber dropped further to 65
percent.

The percentage of endorsements with an MCA between $300,000 and $417,000 dropped from 18
percent in 2009 and has been around 13 percent since then, but rose back to 15 percent in 2015.
The percentage of endorsenewith an MCA greater than $417,000 has been volatile.

Exhibit IV -6. Distribution of FY 2009-FY 2015 HECM Loans by MCA Level

$100k | $200k | $300k | Greater
Le;fo-gllan to to to Than Total
$200k | $300k | $417k $417k

2009 9.51% 31.91% | 22.85% | 17.60%| 18.14% 100%
2010 12.14% | 33.95% | 19.97% | 13.82%| 20.13% 100%
2011 14.89% | 35.69% | 19.43% | 12.91%| 17.08% 100%
2012 16.11% | 36.97% | 18.75% [ 12.62%| 15.55% 100%
2013 15.62% | 36.29% | 18.79% [ 13.08%| 16.22% 100%
2014 13.00% | 34.19% | 19.74% [ 13.98%| 19.10% 100%
2015 11.56% | 32.33% | 20.60% [ 14.87%| 20.63% 100%

FY
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G. Appraised House Value

FHA research has found that loans associated with properties with an appraised value at
origination greater than their area median tend to be maintained better than those with appraised
value below the area median. Exhibit-?Wshows the percentage of HECMans with an
appraised house value greater than the area median value. Starting with the FY 2005 book of
business, there has been an upward trend in the ratio of appraised values to the area medians.
The passage of the American Recovery & ReinvestmehtaAd HERA increased the HECM

loan limit and further accelerated the upward trend as seen in FY 2009. In the FY 2009
endorsement book of business, 63 percent of the HECM properties were appraised at higher than
the area mediarOver FY 2011 to FY 2015the ratio dropped and stabilized at around 46
percent.

Exhibit IV -7. Percentage of Borrowers with Appraised House Value Greater than Area
Median Value
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H. Borrower Age Distribution

The borrower age profile of an endorsement year affects loan terminaties and the
percentage of initial equity available to the borrower. ExhibiBIgresents the average borrower
age at originatiorover FYs 19902015. The average borrower age has declined over time.
Younger borrowers are associated with a higher filamnisk exposure for FHA as they have a
longer life expectancy. To manage this risk, the PLFs, which limit the percentage of initial equity
available to the borrower, are lower for younger borrowers, limiting them to a smaller portion of
the equity in thehouse. The average borrower age was about 73 years for FYs2Q009
endorsements, and 72 years for FYs 22015 endorsements.

Exhibit IV -8. Average Borrower Age at Origination by Fiscal Year
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. Borrower Gender Distribution

Gender also affectermination behavior due to differences in mortality. The gender distribution

of the HECM portfolio has remained steady over time. HECM loan behavior indicates that single
males tend to terminate their loans the fastest, single females terminate thefaststdand

couples terminate the slowest. Exhibit -® presents the gender distribution of HECM
endorsements from FY 2009 through 2015. Single females comprise the largest gender cohort of
the FY 2010 endorsements at 42 percent, followed by coupléspar8ent, and single males at

21 percent. A similar pattern is observed for FYs 2011 and 2012 endorsements 2018Y

2015 endorsements, couples comprise 39 percent, surpassing single females to become the
largest gender cohort. The single female stalleto around 38 percent while single males
remain the lowest at 21 percent, about the same as in prior years.

Exhibit IV -9. Distribution of FY 2009-FY 2015 HECM Endorsements by Gender

E;gg;?i";g?t Male Female Couple Missing
2009 21.70% 40.93% 36.76% 0.62%
2010 21.47% 41.88% 35.26% 1.39%
2011 20.86% 40.25% 37.08% 1.81%
2012 21.22% 39.16% 37.36% 2.27%
2013 21.15% 37.57% 38.96% 2.33%
2014 20.63% 38.75% 38.65% 1.97%
2015 21.84% 38.60% 38.79% 0.78%
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J. Cash Draw Distribution

Data show that loans which have drawn a higher percentage of the initial amount of equity
available tend to have a higher likelihood of refinancing. Exhibit®vshows the distribution of

the firstmonth cash draw as a percentage of the initial prindipél among different borrower

age groups for HECM endorsements from FY 2009 through FY 2015.

Younger borrowers tend to draw a higher percentage of the initial amount of equity available
than older borrowers. In FY 2009, 63 percent of the&6b2age groupmlrew over 80 percent of

their initial principal limit, compared with 44 percefur the greatethan85 yearsold age
group. The incidence of initial draws of above 80 percent of the principal limit rose sharply to
above 70 percent over all age grofimsFYs 20162013 endorsements. This was mainly driven

by the disproportionally high initial draws incurred by most fixate HECMs during that
period. Such a requirement was subsequently prohibited by HUD in 2014. Note that the overall
first-month draw oveBO0 percent fell fronY4 percent in FY 2013 to 35 percent in FY 2015.

Although younger borrowers typically draw a higher percentage of the initial principal limit in
the first month, the amount of cash drawn represents a smaller percentage of the MCA, because
the PLF is lower for younger borrowers to account for the riskigmy their longer life
expectancy.

Exhibit IV -10. FirstMonth Borrower Cash Draw of FY 2009FY 2015 HECM
Endorsements as a Percentage of the Initial Principal Limit

Number Variable Rate Loans Fixed Rate Loans

EqdorTement Age Group of 80 80-
Fiscal Year Loans | 0-40% |40-80% | , o0, | 0-80% | 000,
62-65 20,721 11.84%| 24.15%| 50.40%| 0.48%| 13.13%
66-70 28,474 14.30%| 24.72%| 47.87%| 0.35%| 12.76%
2009 71-75 25,385| 18.38%| 24.98%| 44.98%| 0.27%| 11.39%
76-85 30,183| 24.29%| 24.44%| 41.25%| 0.28%| 9.75%
85+ 9,645| 34.71%| 20.63%] 36.65%| 0.27%| 7.74%
Total 114,408 19.12%| 24.26%| 44.99%]| 0.33%| 11.30%
62-65 15761| 7.38%| 7.99%| 4.21%| 1.35%]| 79.08%
66-70 18,813| 8.92%| 9.63%| 4.99%| 1.07%| 75.40%
2010 71-75 16,996| 12.86%| 11.28%| 5.74%| 0.85%]| 69.28%
76-85 20,323| 19.43%| 13.99%| 6.58%| 0.73%| 59.26%
85+ 7,161 30.95%| 14.65%]| 8.38%| 0.78%| 45.25%
Total 79,054| 14.16%| 11.23%| 5.71%| 0.97%| 67.94%
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62-65 17,003 8.29% 9.98%]| 5.02% 1.05%| 75.67%
66-70 18,139 10.58%| 10.32%| 4.76% 1.05%| 73.30%
2011 71-75 15,171 14.63%| 11.63%| 4.88%| 0.85%| 68.01%
76-85 16,788 21.84%| 13.59%| 5.16%| 0.88%]| 58.54%
85+ 6,007| 35.11%| 13.17%]| 5.34%| 0.60%]| 45.78%
Total 73,108| 15.49%| 11.50%]| 4.98%]| 0.93%| 67.10%
62-65 13,712 8.58%| 10.31%| 5.53%| 0.93%]| 74.66%
66-70 13,782 10.55%]| 10.37%| 4.52%| 0.89%| 73.68%
2012 71-75 10,897 13.91%| 11.37%| 4.37%| 0.66%| 69.69%
76-85 11,922 20.26%]| 12.13%| 4.80% 1.02%| 61.79%
85+ 4,505 32.25%]| 12.72%| 5.02% 1.13%| 48.88%
Total 54,818| 14.62%| 11.13%]| 4.84%| 0.90%| 68.51%
62-65 14,927 7.93%| 11.23%| 15.34%| 0.69%| 64.82%
66-70 15,879 9.79%| 11.05%| 15.06%| 0.54%| 63.58%
2013 71-75 12,101 13.27%| 11.35%| 14.07%| 0.78%| 60.54%
76-85 12,656 19.00%| 12.98%| 13.27%| 0.60%| 54.15%
85+ 4,360 30.14%]| 12.27%| 11.08%]| 0.87%]| 45.64%
Total 59,923| 13.45%]| 11.65%]| 14.26%]| 0.66%| 59.98%
62-65 12,031 12.19%| 35.80%| 29.35%| 2.95%| 19.71%
66-70 13,890 14.77%]| 34.01%| 29.91%| 2.89%| 18.42%
2014 71-75 10,650 19.03%| 34.29%| 28.22%| 2.81%| 15.65%
76-85 11,061 24.24%]| 35.25%| 26.07%| 2.87%| 11.58%
85+ 3,982| 35.59%| 33.43%]| 21.20%| 2.96% 6.83%
Total 51,614| 18.69%| 34.71%]| 27.93%]| 2.89%| 15.79%
62-65 9,393| 12.75%| 47.92%]| 19.56%| 0.99%]| 18.78%
66-70 11,014 14.83%| 45.19%| 20.53%| 1.15%]| 18.30%
S 71-75 8,952| 18.07%| 44.67%]| 20.20%| 0.87%| 16.19%
76-85 9,627| 23.03%| 44.34%| 19.59%| 0.99%| 12.05%
85+ 3,545| 33.46%| 43.41%]| 15.32%| 1.47% 6.35%
Total 42 531| 18.46%| 45.34%]| 19.60%]| 1.05%]| 15.55%
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SectionV. HECM Performance under Alternative Scenarios

The realized economic value of HECMs wil|l var
loan performance deviate from the baseline projection. In this section, we present the baseline
economic value fnm the Monte Carlo simulation and seven alternative scenarios. The baseline

case in the Review is the mean of the economic values of the MMI HECM portfolio over the 100
equally likely simulated paths. Each alternative scenario estimates the performamed-ond

under the future interest rafeinemployment ratsand house price appreciation rates specific to

that scenario.

The first five alternative economic scenarios were based on our 100 simulated paths,
corresponding to the paths that yielded th& mest, 28 best, 28 worst, 10" worst and the

worst projected economic values. The sixth alternative path is the most stressful scenario among
Moody’' s Analytics alternative forecasts publii
Slump. The sevénh al t ernati ve path is Moody’'s July 2
scenario. Here are the seven alternative scenarios:

1 10" Best Path in Simulation, the path that resulted in tfehighest economic value in
the Monte Carlo simulation.

T 25" Best Path in Simulation, the path that resulted in tHeHghest economic value in
the Monte Carlo simulation.

1 25" Worst Path in Simulation, the path that resulted in ti&l@&est economic value in
the Monte Carlo simulation.

T 10" Worst Path in Simlation, the path that resulted in thé"16west economic value in
the Monte Carlo simulation.

1 The Worst Path in Simulation, the path that resulted in the lowest economic value in the
Monte Carlo simulation.

T Moody' s Protracted Séssfuhgterfatore scemario forecastedhlyy mo s
Moody’'s Analytics in July 2015.

f Moody’' s Baseline as a deterministic Scenar

Under Moody’'s protracted slump scenari o, t he
long-term index level snilar to its baseline forecast. As a result, this scenario shows low house

price growth rates in the shdadrm, followed by higher than base case growth rates after it
passes the lowest point. We applied an adjustment by assuming that the growth vatiege don

longr un growth rates, i nstead of the Moody’'s me
long-term levels. This adjustment avoids having the stress scenario show unusual growth after

the initial stress period. As a result, the protracted glsoenario analyzed in this Review is

more stressful than the original Moody’' s scen
adjustment.

% Detailed descriptiosiof these alternative scenarios iegented in Appendix B.
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Exhibit V-1 shows the future movements of the natidna v e | House Price I nde

baseline and thsix alternative economic scenarios used in our analgsisting with the2013
Review, we have changed to the Purch@sty HPI instead of the attansaction HPI which was
used in previous Reviews.

Exhibit V -1. Future National PurchaseOnly House Price Indexes for Different Economic
Scenarios
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The macroeconomic factors that serve as inputs to the HECM model include the FHFA national,
state, and MSA house price indices, tiional unemployment rate, ongear and tetyear
Treasury rates anthe oney e a r LI BOR rate. Moody' s house
macroeconomic model which considers local area economic environments including
unemployment rates. The mortality rates were estimated loess€DC 19891991, 19992001,

and 2009 U.S. Decennitlfe Tables published by the Center for Disease Control. The detailed
methodology is described in Appendix A. Borrower edslw assumptions were based on past
program experience, with adjustments to account for different borrower composition provided by
FHA.

Exhibit V-2 reproduces the projected expected economic values from FY 2015 through FY 2022
from our Monte Carlo simulation. This is our baseline stochastic case. Recall that this involves
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taking the average of 100 randomly simulated p&tf%e esmated economic value of the
HECM portfolio in the MMI Fund at the end of FY 2015 i6,%78million, and its economic
value is projected to grow steadily th3665million by the end of FY 2022.

Exhibit V -2. Fund Performance: Baseline Monte Carlo Simulabn ($ Millions)

Fiscal | Economic| Insurance | Volume of New Ec?nom|hc Value Inve_stment
Year Value in Force™ | Endorsements*** = onEachiNew Ediningsion
ook of Business| Fund Balance

2015 6,778 105,234 15,763 302

2016 7,429 109,334 15,073 575 76
2017 8,222 120,424 17,035 636 157
2018 9,135 132,573 18,340 692 221
2019 10,133 145,236 19,548 716 282
2020 11,213 158,091 20,866 738 342
2021 12,395 171,103 22,283 788 394
2022 13,665 184,492 23,715 823 447

* All values are expressed as of the end offiwal year.

** |Insurancein-force is estimated as the MCAs of the remaining insured loans.

*** Projections are based on the HECM demand model in Appendix E times the averageTi§Aolume number in FY 2015
reflects the outstanding loans at the endheffiscal year, and excludes loans endorsed and terminated in the same fiscal year.

The results of each of the alternative scenarios on the performance of the HECM portion of the
MMI Fund are now presented.

A. Selected Scenarios from Monte Carlo Simation

The Monte Carlo simulation approach provides additional information about the probability
distribution of the economic value of the HECM Fund with respect to different possible future
economic conditions and the corresponding prepayments and .clamaddition to the
estimation of the “expected” economic value
provides the economic value associated with each one of the 100 possible future economic paths.
The distribution of economic values based on theseaios allows us to gain insights into the
sensitivity of the Fund’ s econo @ideringvhe 100e t o
economic values from low to high represents the percentiles from the worst to the best.

Exhibit V-3 presents the prajeed economic values for FY 2015 through FY 2022 under five

di fferent simulated future economic p'basths, an
economic valuas ofthe end of FY 2015 is estimated to HO®72million. Compared with the

baseline result (the mean across the 100 paths), the estimated economic value is $12,294 million

28 Note that Exhibit V2 is the same as Exhibit1l, reproduced in this section for convenience.
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higher in this scenario. There is approximately a 10 percent chance the economic conditions can
be even more favorable and yieltligher economic value thardi$,072million.

The projected economic value for FY 2015 under th8 @worst simulated path isegative
$6,451million, which is $13,229 million lower than the baseline result. There is approximately a
10 percent probabilityhat the actual realized economic value would be even more stressful than
this path, resulting in an economic value worse tregative$6,451million.

These two alternative scenarios suggest that there is an 80 percent chance that the economic
value of he HECM portfolio would be betweeregative$6,451and positive $9,072million in
FY 2015.

Under the 28 best scenario, the HECM economic value is projected to be posit#/8ay

million in FY 2015, whereas the economic value under tfev@srst sceario is projected to be
negative$104 million. These two alternative scenarios suggest that there is a 50 percent chance
that the economic value of the HECM portfolio would be betwasgative$104 million and
positive $4,887million in FY 2015.

Underthe worst scenario, the economic valuaegative$33,442million in FY 2015.

Exhibit V -3. HECM Economic Values under Different Scenarios ($ Millions)

h h th 10th .

Fiscal | otiic | P | pana | pamm | Worst | TRt | Moodys | TS,
Simulation | Simulation | Simulation | Simulation Simulation Simulation Slump
2015 6,778 $19,072 | $14,887 -104 -6,451 -33,442 8,189 -6,776
2016 7,429 20,468 16,332 218 -7,490 -35,894 9,174 -7,296
2017 8,222 21,999 17,796 737 -8,639 -38,767 10,418 -7,447
2018 9,135 24,222 19,659 1,581 -9,045 -41,869 11,818 -7,200
2019| 10,133 27,159 22,134 2,542 -8,645 -45,098 13,373 -6,783
2020 11,213 30,449 24,824 3,565 -8,071 -48,431 15,106 -6,178
2021 12,395 34,168 27,953 4,273 -7,693 -52,234 17,002 -5,435
2022 | 13,665 37,727 31,052 5,423 -7,154 -56,410 19,029 -4,593

The detailed results of each of the simulated scenarios on the performance of the HECM portion
of the MMI Fund are presented in Exhibits/Mo V-10.

Exhibit V-4 presents the projected economic values for FY 2015 through FY 2022 undef the 10
best simulated path. This scenario results in the highest economic value among all alternative
paths presented in this section. The economic valudseatnd of FY 2015 and FY 2022 are
estimated to be positivel$,072million and positive 87,727 million, respectively. The high
economic value in this alternative path is generated by a stable and faster house price
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appreciati on r at eaftar Rya2816. Niusacrkate's Bw Ty@ed daim lasses and
high Type Il claim recoveries. As a result, it led to the highest economic value among the eight
presented scenarios through FY 2022.

Exhibit V -4. HECM Economic Value: 1§" Best Simulation Path ($ Millions)

Fiscal | Economic| Insurance | Volume of New Economic Value Inve_stment

: of Each New Earnings on
Year Value in Force Endorsements )

Book of Business| Fund Balance

2015 19,072 98,979 13,807 1,708
2016 20,468 103,062 14,032 1,184 212
2017 21,999 113,182 15,938 1,099 432
2018 24,222 124,472 17,242 1,631 593
2019 27,159 135,297 18,583 2,190 747
2020 30,449 146,287 20,261 2,372 917
2021 34,168 158,088 22,125 2,649 1,071
2022 37,727 170,559 23,822 2,327 1,232

Exhibit V-5 presents the projected economic values for FY 2015 through FY 2022 undef'the 25
best simulated path. The economic values at the end of FY 2015 and at the end of FY 2022 are
estimated to be positivel$,887 million and positive 31,052 million, respectivey. The FY

2015 economic value under this scenario is $4,185 million less than the FY 2015 economic value
under the 10th best scenario. This path also has a faster house price appreciation rate than
Moody’' s b as el®6 whieh resilts ir ighethafraver@ge FY 2015 economic value.
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Exhibit VV -5. HECM Economic Value: 28" Best Simulation Path ($ Millions)

: : Economic Value Investment

Fiscal | Economic| Insurance | Volume of New ;
: of Each New Earnings on
Year Value in Force Endorsements )
Book of Business| Fund Balance

2015 14,887 108,446 15,799 1,437
2016 16,332 112,479 15,511 1,280 166
2017 17,796 123,931 17,326 1,119 345
2018 19,659 136,404 18,547 1,384 479
2019 22,134 148,675 19,808 1,869 606
2020 24,824 161,672 21,497 1,942 747
2021 27,953 174,284 23,441 2,256 873
2022 31,052 187,605 25,173 2,092 1,008

Exhibit V-6 presents the projected economic values for FY 2015 through FY 2022 undef the 25
worst simulated path. Under this path, house prices in general appreciate at a slower rate than the
baseline. Consequently, this path projects a relatively low economic value through FY 2022. The
economic values at the end of FY 2015 and at the end G022 are estimated to lbegative

$104 million andpositive$5,423million, respectively.

Exhibit V -6. HECM Economic Value: 28" Worst Simulation Path ($ Millions)

: : Economic Value Investment

Fiscal | Economic| Insurance | Volume of New )
: of Each New Earnings on
Year Value in Force Endorsements ;
Book of Business| Fund Balance

2015 -104 106,397 15,997 -378
2016 218 112,110 16,055 323 -1
2017 737 124,168 17,749 515 5
2018 1,581 137,217 18,685 824 20
2019 2,542 150,382 19,521 913 49
2020 3,565 163,633 20,450 937 86
2021 4,273 176,942 21,714 583 125
2022 5,423 189,953 23,102 996 154

Exhibit V-7 presents the projected economic values for FY 2015 through FY 2022 undef the 10
worst simulated path. Under this path, house praze ata low level andhey depreciate a bit
between FY 2020 and 2030, before it rebounds moderately until 2037. As a result, the economic
value under the fbworst path projects a low economic value through FY 2022. The economic
values at the end of FY 2015 and FY 2022 are estintmtebenegative$6,451 million and
negative$7,154million, respectively.
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Exhibit VV -7. HECM Economic Value: 1¢" Worst Simulation Path ($ Millions)

: : Economic Value Investment

Fiscal | Economic| Insurance | Volume of New ;
: of Each New Earnings on
Year Value in Force Endorsements )
Book of Business| Fund Balance

2015 -6,451 105,814 15,723 -1,616
2016 -7,490 110,145 15,060 -967 72
2017 -8,639 121,328 17,024 -991 -158
2018 -9,045 133,537 18,437 -173 -233
2019 -8,645 146,851 19,572 679 -279
2020 -8,071 160,744 20,628 866 -292
2021 -7,693 174,845 21,431 662 -284
2022 -7,154 188,566 22,202 816 -277

Exhibit V-8 presents the projected economic values for FY 2015 through FY 2022 under the
worst simulated path. This stress path has a long protracted house price decrease until FY 2040,

and stays stagnant until FY 2044. This creates a severe claim Igserfcg and very low

recoveries. As a result, it led to the lowest economic value by far among the 100 simulated
scenarios for the whole HECM portfolio. The economic values at the end of FY 2015 and FY

2022 are estimated to Imegative$33,442million and negative$56,410million, respectively.

This result reflects approximately one out of a hundred economic outcomes.

Exhibit V -8. HECM Economic Value: Worst Simulation Path ($ Millions)

: : Economic Value Investment

Fiscal | Economic| Insurance | Volume of New )
: of Each New Earnings on
Year Value in Force Endorsements )
Book of Business| Fund Balance

2015 -33,442 104,481 15,866 -5,411
2016 -35,894 108,719 14,092 -2,079 -373
2017 -38,767 119,295 15,143 -2,116 -758
2018 -41,869 129,723 14,769 -2,057 -1,044
2019 -45,098 139,082 13,855 -1,938 -1,291
2020 -48,431 147,135 13,302 -1,811 -1,523
2021 -52,234 154,573 14,135 -2,099 -1,704
2022 -56,410 159,547 14,844 -2,293 -1,883

B.Moodyds

Exhibit V-9 presents the estimated economic valugehefHECM Fundb a s e d

A Sdemaricanh at i

vV e

on

Mo o dy

protracted slump economic scenario. This scenario provides a reasonableness check of the range
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of results obtained from the Monte Carlo simulation. The economic value at the end of FY 2015
decreases from the base casgadiive $6,778 million to negative$6,776 million under this
alternative scenario. This is primarily due to high Aeam house price depreciation, which
reduces the amount of recovery at termination. The FY 2022 value is about $18,258 million
lower than inthe baseline Monte Carlo result. The protracted slump scenario projects an
economic value that corresponds approximately to tlew®rst economic value in our
simulation.

Exhibit V -9. HECM Economic Value: Protracted SlumpScenario ($ Millions)

Fiscal | Economic| Insurance | Volume of New SESMEIE VEILE Inve_stment

: of Each New Earnings on
Year Value in Force Endorsements )

Book of Business| Fund Balance

2015 -6,776 105,234 15,763 -928
2016 -7,296 107,992 12,349 -444 -75
2017 -7,447 114,975 11,759 3 -154
2018 -7,200 122,552 12,997 447 -201
2019 -6,783 131,087 14,326 639 -222
2020 -6,178 140,570 15,694 834 -229
2021 -5,435 150,819 17,115 960 -217
2022 -4,593 161,675 18,544 1,038 -196

Exhibit V-10 presents the estimated economic valughefHECM Fundb ased on Mood)y
baseline as a deterministic scenario. The result is very close to the median of the Monte Carlo
simulation results, as the stochastic paths a
scenario.

Exhibit V -10. HECM Economic ValueeMo o dy 6 s $Scanar® ($iMilliens)

Fiscal | Economic| Insurance | Volume of New Economic Value Inve;tment

; of Each New Earnings on
Year Value in Force Endorsements )

Book of Business| Fund Balance
2015 8,189 105,234 15,763 644
2016 9,174 109,304 15,069 893 91
2017 10,418 120,417 17,043 1,051 194
2018 11,818 132,617 18,395 1,119 281
2019 13,373 145,161 19,633 1,191 364
2020 15,106 157,922 20,971 1,282 452
2021 17,002 170,969 22,387 1,364 531
2022 19,029 184,294 23,804 1,414 613
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C. Sensitivity Testsfor Economic Variables

The above scenario analyses were conducted to examine the distribution of the economic value
of the Fund with different possible combinations of interessrateemployment ratesd house

price movements in the future. It is alsseful to understand the marginal impaceath of the

major economic fact@ on the economic value. Below, we show the sensitivity ofFfie2015
deterministic basecenarioeconomic value of the Funalith respect to changein each of the
following three sets of economic variables:

1 National House Price Index (HPI)

1 Present value conversion factors

I Interest rates:
o Tenyear constant maturity Treasury rate
o Oneyear constant maturity Treasury rate
0 Oneyear LIBOR rate
o Mortgage rate

Exhibit V-11 reportsin graphic formthe sensitivity of the economic value with respect to
changesin HPI forecasts future interest rates and OMB discount sateespectively The
marginal impact is measured by the change of the economic value from the deterministic base
scenario result as of the end of FY 20X5ach of these three sets of variabless separately
shiftedup and down to draw this graph, holdialdjotherparametergonstantThe present value
factors and thenterest ratesvere constrained to ben-negative

The sensitivity to shifts in the@nnualized house price appreciation rates (8JF%m the base
scenaridhas a positive slope amchearlylinear shapeindicating anearlysymmetric effecfrom
increases and decreasegh respect to HPAsThe resultsshow that theadverse house price
shifts reduce theconomic value of the fund almass much ashe favorable house prichifts
increasethe economic value of the fundhis is the case as long as the loan balance accrues
faster than house price apprdiga. Under such a conditiorithe eventual recovery amount is
almost linearly related to tHéPA andthe economic valuevill be approximately linearly related

to the futureHPA. A negative 100 basis points parallel shift in HPA vd#écreaseeconomic
value by $8,000 million and a positive 100 basis points parallel shift in HPA widrease
economicvalueby $8,055 million.

We appliedpositivdupwardand negativielownwardparallel shifs to the implied yield curve in
the deterministicbase scenarido compute the corresponding shifts in the discount factors
Negative(positive)shifts in theimplied yield curveproduce higheflower) discountfactors The
increasen discountfactors,shown as negative shifts in threplied yield curvein Exhibit V-11,
contribute toincreases irthe economicvalue of the Fund This is becausehe major positive
cash flovs, the recoveriesare receivedurther out in timethan themajor negative cash flog;

the Type | and Type Il claim payment& downward100 basis points parallel shift in the
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implied yield curvewill increaseeconomic valudy $5,954 million whereas thepwardshift of

the same magnitude implied yield curvewill reducethe economic valuey $4,741 million.
This shows aconvexity of tle economic value with respect to the discount rate similar to most
fixed income securities

We appliedparallel shifts to dyear Treasury rates, ¥@ar Treasury rated- year Libor rates

and mortgage rates. Tleeonomic valueurve has a very flat slopA. negative 100 basis points
parallel shift in interest rates will increase economic value by $211 million, and a positive 100
basis points parallel shift in interest rates decrease economic value by $295 million. Compared to
the shifts in house prices adiscount rates, the impact of shifting interest rates is quite .small
Changes in markenterest rategexcluding discount factor impadbtave relatively small effects

on the two major cash flonsf HECM loansi.e., assignments and recoveries

Exhibit Vi 11: Sensitivity Tests for Economic Variables
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Section VI. Summary of Methodology

This section summarizes the analyticbproach implemented in this Review. Detailed
descriptions of the component models for HECMs are provided in Appendides The
following sections summarize each of these appendices.

A. HECM Base Termination Model (Appendix A)

No repayment of principal iequired on a HECM loan when the loan is active. Termination of a
HECM loan typically occurs due to death, moving out, or voluntary termination via refinance or
payoff. The termination model estimates the probabilities of the three mutually exclusive HECM
termination events denoted as mortality, mobility and refinance. A multinomial logistic
regression modeling approach is adopted to capture the compskingature of the different
termination events.

The termination model incorporates four main catiegoof explanatory variables:

Fixed initial borrower characteristics: borrower age at origination and gender.

Fixed initial loan characteristics: loan interest rate, origination year and quarter the first

month cash draw percentage, the estimated mtio pr operty value to

medi an home values at ti me of origination,

median home value to the national loan limit at the time of origination.

1 Dynamic variables based on loan/borrower characteristican age and updated
borrower’s age.

1  Dynamic variables derived by combining loan characteristics with external macroeconomic

data: interest rates, house price indices (which determine the cumulative house price

growth), the amount of additional equity adaale to the borrower through refinancing and

the updated loato-value ratio.

1
1

For each termination event type, a separate binomial logistic model is estimated based on loan
level historical HECM performance data and economic factors. The three logistic models are
then aggregated to estimate the overall termination probabilitiesthéorHECM program,

following the approach developed in Begg and Gray (1984). The logistic model for each
termination event is unique, including only the variables that impact the occurrence of that
particular event. For example, the mobility model inclualesstimate of the updated letn

value ratio over time to model the impact of potential gains from resale upon contemplation of
moving out. The refinance model includes a refinance incentive variable. The mortality model
includes the attained age oftheor r ower over the | ife of the |o
the impact of age and gender on the probability of death.
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B. Loan Performance Projections (Appendix B)

The estimated HECM future termination rates are based on the characteristics o¥ithegsu

portfolio. To estimate the economic value of the current book of business, we project termination
rates for the outstanding endorsement portfol
economic values, we also project the composition andnelof future endorsements. Each loan

creates annual observations from its origin to the policy year when the loan reaches a duration of

up to 74 years, or the borrower reaches age 109, the maximum assumed duration of a HECM
loan. Thus the projection peridadr future books last until FY 2095. The assumed characteristics

of the future HECM endorsements for FY 2016
projections.

At the time of HECM loan termination, the borrower or the heir also has the option to convey the
property to HUD or pay off the outstanding loan balance. The decision is highly dependent on
the house price at the time of loan termination compared to the accrued loan balance. Thus both
the house price appreciation and current Jfmavalue ratio will etermine the final outcome.

The conveyance model is also presented in Appendix B.

C. HECM Cash Flow Analysis (Appendix C)

The cash flow model estimates the HECM economic values for the FY 2009 through FY 2022
books of business. For the books through the2BY5 book, the economic values are computed

on the projected cash flows from the end of FY 2015. The economic values are the net present
value of future cash flows for these books of business plus capital resources. The HECM cash
flow model consists of far components: upfront and annual HECM mortgage insurance
premiums, lender insurance claims before and upon assignment, note holding expenses (post
assignment) and recoveries on assigned notes in inventory. The cash flows are discounted
according to the nsi updated Federal credit subsidy presehtie conversion factors published

by OMB.

D. HECM Tax and Insurance Default Model (Appendix D)

HECM tax and insurance defaults are imposed by HUD when tax or insurance payments are in
arrears. A binomial logistienodel estimates the probability of borrower defaults on tax and
insurance obligations as a function of various borrower, loan and economic characteristics. The
model s i mplementation allows these defaults
assigiment, this Review assumes a constant 25 percent of assigned loans would go T&l defaults.
The HECM portfolio of active loans as of the end of FY 2015 has adasseprojected life time
cumulative tax and insurance default rate of 19.66 percent.
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E. HECM D emand Model (Appendix E)

We updated the HECM demand volume model for
series econometric model built on data of HECM loan counts, house price growth rates at the
national level and the national senior populatibine model predicts the number of HECM loans

to be endorsed in FY 2016 through FY 2022. Without adequatdomwowing younger spouse

data, the 2015 model made assumption that the couple percent will be 10% higher than our
prediction in total endorsemeritsthe future. Different economic scenarios for house prices and
interest rates generate different predictions of the future HECM loan counts.

F. Economic Scenario Simulations (Appendix F)

To forecast the economic values of the MMI HECM portfolomulated economic scenarios

were generated by a Monte Carlo stochastic model. The simulated economic scenarios were
cali brated to center around Moody’'s economi
sensitivity analyses were also conducted tovigi® insights into the sensitivity of the portfolio

with respect to changes in future economic conditions. The assumption of these future interest
and house price growth rates are the fundamental economic factors that drive future termination
rates, HECM a@x and insurance default rates and the HECM demand volume in each of the
stochastic simulation paths and in the specified deterministic alternative scenarios.
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Section VII. Qualifications and Limitations

The economic value estimates provided in this Review are based on the component models that
were discussed in Section VI. The models make predictions about HEGMd variables and
relevant market conditions that change over time in response to econasticitional and

policy changes.

A. Basic Data Limitations

The quality of any model built on historical data is constrained by the scope, availability and
accuracy of the data. Key variables determining market behavior may not be observed or they
may be observed with error. Moreover, the theoretical specificatfoa model may not
adequately capture the economic phenomena it tries to represent.

As an example of data limitations, HECM has a relatively short program history. The pilot
program began in FY 1989 and became permanent in FY 1998 after endorsing 188rG00

The endorsements exceeded 10,000 loans per year in FY 2002 and reached 100,000 per year in
FY 2007. Unlike the MMI Single Family forward mortgage program, HECM has a limited
number of | oans that have r emai ryead TherdackbHA' s
longr un performance data potentially I imits the
later policy years.

B. Model Sensitivity to Economic Projections

The main purpose of this Review is to assess thetlemg financial pdormance of the HECM

Fund. Two of the critical economic variables used in making these projections are future house
prices and interest rates. We use stochastic models to project the future distribution of house
prices and interest rates and apply a Mdbéelo simulation technique. Our stochastic models

are calibrated so that they are centered on M
the estimated results captured the i mpact of

The resits of the alternative scenario analyses in Section V represent various selected outcomes
in the projected distribution of house prices and interest rates. The estimated probabilities of
economic values depend on the Monte Carlo simulation which was duitiur stochastic
models.
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C. Changing Reverse Mortgage Market Landscape

Changes in financial markets and retirement needs will affect both the reasons why borrowers
participate in the HECM program and the specifics of new product offerings. Thaffedt the

loan characteristics and performance of future endorsements including cash draw patterns and
repayment behavior. Borrower characteristics may vary with the changing demographics as the
large baby boomer population transitions to retirementceletie accuracy of the estimates on

the performance of future books is sensitive to the borrower composition and termination
behavioral assumptions.

At the start of FY 2014, the Standard and Saver products were eliminated and replaced by a
single new prgram. The new program has a principal limit factor of 85 percent of the level of
the prior Standard program. It reduced the allowable initial disbursement, where mortgagors are
subject to an initial 1-2nonth disbursement limitation of 60 percent of thé&ahprincipal limit

or the sum of mandatory obligations that must be satisfied at closing plus an additional 10
percent of the initial principal limit, not to exceed the maximum principal limit. The existing
annual MIP rate of 1.25 percent continued toirbeffect. The initial MIP was changed, to be
determined based on the amount of the mortgagor's initial draw at loan closing. The new
origination requirements tended to defer cash outflows and increase cash inflows.

On August £, 2014, HUD adjusted thelECM program by allowing neborrowing spouses
younger than 62 years old. This adjustment further reduces the PLFs, while extending the
eligibility of the HECM program to a larger clientele population. The effect on borrower
reception and how they chantieir withdrawal behavior is still uncertain at this early stage. The
newly announced LESA and the guideline and assumptions for handling T&l defaults introduced
further uncertainty about the future policy effectiveness.

In this Review, we have explicitimodeled the longevity improvement of HECM borrowers with
endorsements between FY 1989 to 2013. However, future HECM borrowers may experience
mortality uncertainty unobserved at the current time. This remains another area that could be
investigated in théuture.
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Appendix A: HECM Base Termination Model

This Appendix describes the methodology used to estimate the termination behavioral functions
of HECM loans. In this 2015 Actuarial Review we refined the methodology and the model
specification from the FY 201BHECM Review. We reestimated model parameters using the
updated data.

HECM loans terminate due to borrower mortality (death), loan refinancing or borrower move
outs (mobility). A multinomial logistic model is specified and estimated to capture the loan
termination behavior. Pursuant to Mortgagee Letter ZWM,IHECM loans can be terminated
under foreclosure when borrowers fail to pay their real estate taxes and/or property insurance

premiums as required by the HECNMmMatric model afc t . B
tax and insurance (T&l) defaults, we refined the specification of T&l defaults (discussed in
Appendi x D). When necessary, we distinguish

Appendix from the T&I default termination model debetdl in Appendix D. To clarify another
possible confusion, a HECM insurance terminates at mortgage note assignment (because then
HUD owns the loan), but the HECM loan itself does not terminate at this time as the borrower
continues to live in the home. Hencnote assignments are not modeled as HECM loan
terminations. Starting from this 2015 Review, the T&Il defaults after mortgage note assignments
are not modeled as loan terminations (discussed in Appendix D). Also note that the HECM
model is an annual modethereas the models we use for FHA forward mortgages are quarterly.

The available FHA historical HECM termination data were used to estimate the base termination
model. These data include loans that were endorsed under the General Insurance (GI) Fund
betveen FY 1990 and FY 2008, and loans endorsed under the Mutual Mortgage Insurance
(MMI) Fund in FY 2009 through the end of March of 2015. Only the loans endorsed under the
MMI Fund, however, are included to determine the economic value of the MMI Funéin th
Review.

Al. The Multinomial Logistic Model

Similar to Szymanoski, DiVenti, and Chow (2000), YtReed and Szymanos{@007) and last
year’' s Actuari al Review of HE C M-risk owdtinosnial ( | FE ¢
logistic model is used to estimate the probabilities of HECM loan termination events excluding

T&I default terminations.

Given survival to the beginningf time periodt, the conditional probabilities that a loan will
terminate due to mortalityR; (t) ), refinance Ex(t)) or mobility (B, (t)) are given by:

eaD+xD(t)bD
1+ eaM +Xnm (1) by + eaR+XR(t)bR + eaD+XD(t)bD

P () = (1)
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eaR+XR(t)bR

PR(t) = 1+ eaM +Xym (1) by +eaR+XR(t)bR +eaD+XD(t)bD (2)
em +X (t) by
P (1) = ()

1+ e&'M +Xm (1) by +eaR+xR(t)bR +eaD+xD(t)bD

The probability of remaining active during the period is simply one minus the sum of these three
probabilities. The constant terifig,, 4 anda,, and thecoefficient vector®,, b, and b,, are
parameters estimated by the multinomial logistic model. The subscripts D, R and M denote
death, refinance and mobility, respectively. The vectors of depewdeables for predicting the
conditional probability of termination due to mortality, refinance and mobility are represented by
Xp(t), Xq(t) andX,, (t), respectively. Loan and borrower characteristics as well as economic
variables are included in each vector to predict HECM terminations. Some of these variables are
constant over the life of the loan while others vary over time.

To classify observed tminations among the three possible outcomes, terminations that resulted
from refinancing were based on FHA' s endor s
terminations would lead to FHA endorsement of new HECM loans. The remaining terminations
were crosr ef erenced with the Soci al Security Adm
FHA. | f a | oan terminated within one year pri
death dat€’’ the loan was considered to have terminated due to death. Thenirgnai
terminations are classified as mobility terminations.

The estimation technique for the multinomial logistic equation system follows Begg and Gray
(1984), who showed that it is statistically equivalent to model a multinomial logistic regression
modelas a special aggregation of individually estimated binomial logistic regression models. For
more details, see the FY 2015 Actuarial Review (IFE Group 2015, Appendix A) for forward

mortgages. The next subsections describe the three binomial logistitodals.

Al.1. Mortality Model

The mortality model estimates the probability that a HECM loan terminates due to the death of
the borrower. Social Security Administration mortality data obtained by FHA indicates the date
of death of HECM borrowers. The BFGroup received updated mortality data up to March of
2015. Death dates were aligned with a-year shift after and ongear shift before termination

dates to determine which loans terminated due to death, in order to account for possible time lag
betwea the dates of the recorded termination and the actual death.

27 For loans with multiple borrowers, the date of death of the last surviving borrower is used. The same holds for spdlises even
oneof them is not a borrower.
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We used four variables to forecast death terminations: rates from actuarial mortality tables,
gender, policy year and percent of the available cash draw taken in the first month.

The Mortality variableaccounts for expected mortality ratésis based orhe genderand age
specific mortality ratesny(t) from the U.S. Life Table from the Center for Disease Control and
Prevention (CDC). For loans witto-borrowers orcouples, we creatl a joint mortality table,
and calculated the likelihood of boltorrowers orspousesiot surviving to the end of a period.
Equation 4below depicts th&lortality [M(t)] calculation.

a o QIQQE Q4 Q

a 0sO 0 pYO p a 0sOO0 pYO p & 0za o0sYo p "Q"@éc')r‘](‘x'Q

4)
where M(t) represents the mortality rate &
my(t) represents the conditional mortality rate (gender and age specific) for a borrower
dying at timet based on the U.S. Census Decennial Life Table;
& 0sO 0 p YO p representsthe mortality rate of bmweri at timet conditional
on that borrowey died before timé-1 and borrower survived up to timé-1. The
notation here is that b (borrower), j=co (ceaborrower), ori=co, j=b; and
G 0za 0 sYOo p represents the probability that bothrimaver and ceborrower
die at time t conditional that both survivedb.

Next, equation (5) transformil(t) into xbetaM(t) as the input explanatory variable for the
regression:

(b(f)'Qc‘)c‘o'bf)ds—‘pbb (5)

This variable is called th#ansformedmortality rate. A piecewise linear spline function was
used to capture possible nbmearity of the mortality rate with respect to the age of the
borrower.

The HECM program now has more than 25 years of history since its inception inVi&88lity

rates across gender and age groups have decreased during this time period. In order to capture
this trend, we used various life tables from the Census to calculate the corresponding mortality
rate. The life tables we used include the CDC 19981 2% 19992001, and 2008 mortality

rates. We used the mortality rate for these years, and performed interpolations for the years in
between. We also extrapolated the mortality rate from 2009 to 2013 which covers our estimation

28 U.S. Decennial Life Tables for 19881, From the Centers for Disease Control And Prevention/National Center for Health
Statistics.

2 Revised United States Life Tables, 268009, the Centers For Disease Control And Prevention,
http://www.cdc.gov/nchs/nvss/mortality/lewk3.htm
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data. For forecasts after 240 we keep mortality rates constant at the 2013 level for each given
age.

Even though the second part of equation 4 accounts for when the last survivor dies, historical
evidence shows that mortalitglated HECM termination rates for couples tend to be lower than
the joint mortality rate estimated in Equation 4. The dummy vieri@ender(Couple)which

equals 1 if a couple and O otherwise, is designed to account for this experience.

Prior HECM experience also indicates that the likelihood of death terminations increases with
policy year, even after controlling for borroweredgduced mortality increases. A piesdase

linear spline function of the timeependent variablPolicyYearwas used to capture variations

in the trend (see the details in the next section). HECM loans have been enderdbd past

25 years, but mogif the loansvere endorsed the last 11 years. Due to the limited number of
loan observatios in late policy years, we restricted our sample to observations that are shorter
than policy year 12.

Historical HECM experience also suggests that borrowecsexperience heavier mortality than

the baseline actuarial table seem to have a propensity to have a higher first mordbwinaef

their total eligible draw amount. Therefore, the varidbdeshDrawcaptures this selelection of
borrowers within the HEM program. Similar to the FY2014 model, we include two dummy
variables: one for Term product and the other for Term product with Line of Credit feature, in
order to reflect additional se#felection effects.

Al.2. Refinance Model

Termination occurs ifie loan is refinanced. The refinance model consists of three types of
explanatory variables: loan age, borrowelated characteristics, and economic variables. We
use loan observations with less than or equal to 18 policy years due to the limited ntimber o
observations beyond 18 years.

Al.2.1. Loan Age Variables for the Refinance Model

Prior HECM experience shows that the majority of refinances occur after the first few years of
the loan. To capture this experience, the s®olkcyYearvariable as defied in the mortality
model is included. The series of piegese linearspline functions for loan age are defined as
follows®:

a € @EQQ VWE @EQQQ

VEBP 7 VRE @HEQQQ

30 Al piecewise linear functions for other variables are defined in a similar way. The boundary makneg pointsare
specified inthe exhibits for each estimated model.
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Tt NWE GHEQQ Q
0édt ¢ @EQQN N0 ¢ @EQQQ
N Q MMWE GEQQQ
v . e Tt MNMWE GHEQQQ
VEBD 4 ¢ @20Q0 VWE @EQQQ

wherek; = 3,k, = 6 andkz = 11.

Coefficient estimates for each variable are the slopes of the line segments between individual
knot points. The overall genelicyYearfunction for the thre®ol_yrsegment is given by:

0 aQOEDDNAOGErI ¢ dp | 20édg | 20 édo

Al.2.2. Borrower-Related Variables for the Refinance Model

The variablesbor r ower 0s a g .eMortlity Rate iargl iGender areo borrower
characteristics in the refinance model. Historical experience suggests that older boam@wers
less likely to refinance, but this propensity decreases at a decreasing rate. Similarly, borrowers of
different genders also refinance at differing rat€&ender refers to categorical variables
representing female, male, couple and missing; with feasatbe baseline in this modsb(t is

not included in the equation). Historical experience suggests that couples and males are more
likely to refinance than females, holding everything else constant.

The likelihood of refinancing is also affected b ttash draw utilization of the borrower. An
analysis of the data suggests that the-firenth cash drawQashDrawtCashDraw) was a
positive predictor of the likelihood of future refinances. We used pigse linear functions for
the variable percentagaitial cash draw.

The ratio of local area median house price to national loan limit at HECM origination is used to
capture how expensive a house is compared to the national average. A high ratio indicates a
larger dollar amount of benefits if the borrewchoses to refinance, thus implying a higher
probability of refinance.

Similar to last year, the FY 2015 model included two house value related variablesyaae 2
HPI change that captures the short term housing price change and the current L Byttivasc
both HPI and UPB changes since origination.
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Al.2.3. Economic Variables for the Refinance Model

The refinance incentive variable was designed
refinancing a loan. The refinance incentive variaklgresents the net increase in the principal

limit for a borrower upon refinancing relative to the refinancing costs. Equation 6 is the refinance
incentive measure we used:

e min(MCA, 3 DH, LoanLimit )3 PLF, - C- PL,

rfi, c

(6)

whereMCA, = Original maximum claim amountfor loanat time0
HPI

t

, HPI is theFHFAhousepriceindex perM SA (or stateif loansarelocatedoutsideof anM SA)
0

LoanLimit = FHAloanlimit for timet
PLF, = Newprincipallimit factorfor theborrowersageandthecurrentinterestrateat timet
C = Transactio cost tmriginatetherefinancedoan
PL, = Grossprincipallimit on theoriginal HECM loanat timet

At loan origination, the rakive value of the property affects the future house price appreciation.
Properties with higher values tend to have a larger appreciation amount in the HECM program
and therefore lead to a higher probability of refinance. We used Home Value above Area
Median as an indicator to measure relative house price comparedheiibcal area median
house price. The local median house price data was obtainedhfed@ensus at the MSA and

state levels, with the most granular level available being used fopezérty.

A1.3. Mobility Model

The mobility model estimates the probability that a HECM loan terminates due to the borrower
moving out of the HECM property. Factors representing borrower characteristics, economic
conditions, and loaspecific variablesvere used as explanatory variables. For the same reason
as the refinance model, we limit our sample to loans aged less than or equal to 18 years.

Al1.3.1. Loan Age Variables for the Mobility Model

As before, thePolicyYearis a series of pieewise linearfunctions for loan age, but with
different knot points in this mobility model, to make the model better fit updated data.

Al.3.2. Borrower-Related Variables for the Mobility Model

Borrowerspecific characteristics are also key drivers oflikedihood of moving out. Historical
experience suggests that compared with younger borrowers, older borrowers are more likely to

IFE Group
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move out, such as moving to a nursing hokve includeorig_ageand pol_yr to capture the
borrowers’ age in the ongoing years.

The Gender_Couplegender_maleand gender_missingefer to couple borrowers, single male
borrowers and borrowers without gender information, respectively. Results show that couples are
more likely to move out compared with single borrowers.

The Mortality xbetaM(t) of Equation 5 is used as a piewse gendespecific transformed
mortality function that capt wnelated issubseincloding r owe r
health reasons, moving to a nursing home or to an asitagl facility, or to live with their

children.

We included two loattype dummy variables: Term HECM and loans with Term and Line of
Credit (LOC). The pure Term loans seem to have mobility rates greater than for the Term loans
with LOC, which indicates a se#felection effect for borrowers with different mobility
preferences.

A1.3.3. Economic Variables for the Mobility Model

In order to capture HECM program changes, we aqef004to indicate whether the HECM
loan was originated before CY 2004. Results shaw HECM borrowers are less likely to move
out if a loan is originated after year 2004.

The Home Value vs. Area Mediarariable estimates the ratio of appraised property value at
origination to median value in the local (MSA or state) area. This variabéxts the higher
propensity to move for borrowers whose houses have higher values.

We used updated lodan-value ratio and house price volatility. Historical experience indicated
that HECM borrowers with lower updated lemvalue ratios are more likeimove out of their

homes than borrowers with higher le@avalue ratios. The economic incentive may come from

the fact that with little equity in the house, the incentive to spend to maintain the property is low,
so their effective rental rate is low;ighis not easy to give up by moving. The house price
dispersion parameter estimated by FHFA was used to capture the variability among local house
price appreciation rates. The 2015 model also included y@a2HPI change to capture the
shortterm effectcaused by house price chaage

Al.4. Combining the Three Risks

The joint termination hazard rate can be defined as

P©=4 P ™
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where p, is defined in Equations 1, 2, and 3; which are estimated from the binomial logistic

models and transferred to the competing risk probabilities using the Begg and Gray (1984)
methodologyP(t) is an augmented joint conditional probability that a HECM lodht@rminate

due to any one of the three competing risks. Th$eprobabilities are calculated at the loan
level and used to estimate future cash flows.

The majority of HECM loans have been endorsed in the past nine years, which limits the number

of | oans that have remained in FHA's portfoli
this limited seasoning experience, the accuracy of the modelkethcpterminations for later

policy years is limited. Experience with HECMs has shown that as the borrower ages, the
mortality rate increases ahincreasing rate and becomes the single dominant termination reason
among the three possible causes.

A2. Model Estimation Results

Exhibits A1, A-2, and A3 present the coefficient estimates for the parameters and the
goodnes=f-fit statistics for the binomial logistic regression models.
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Exhibit A-1. Mortality Termination Model Estimation Results

Analysis of Maximum Likelihood Estimates

- Boundary . Standard Wa!d :
Description Parameter values Estimate Error Chi- Pr > ChiSq
Square
Intercept Intercept -3.1820 | 0.0422 | 5697.4925 <.0001
pol_yr_d1 [1,2] 1.4016 | 0.0207 | 4587.5790] <.0001
_ pol_yr d2 (2,3] 0.1219 | 0.0118 | 106.4741 <.0001
Policy Year
pol_yr_d3 (3,8] -0.1201 | 0.00292| 1696.1616/ <.0001
pol_yr_d4 (8,74] 0.1048 | 0.00889| 139.0066  <.0001
If Borrower is Coupld Gender_Couple -0.3571| 0.0127 | 794.5296  <.0001
Transformed mortality _d1 (-b,-2] 0.8883 | 0.00576|23766.499¢ <.0001
Mortality Rate mortality_d2 (-2,0) | 1.0962 | 0.0176 | 3858.0499 <.0001
gj‘;@?&g‘g’go""" pct_cashdd -1.0409 0.0125 | 6884.5030 <.0001
Term Product TERM 0.2538 | 0.0269 | 88.7440 <.0001
erm Productwith | ryc 0.1586 | 0.0137 | 134.2711 | <.0001
Association of Predicted Probabilities and Observed Responses
Percent Concordant 79.3| Somers' D 0.613
Percent Discordant 18.0 Gamma 0.630
Percent Tied 2.7\ Tau-a 0.018
Pairs 30626319476¢¢c 0.806

* Death date used in mortalitalculation may be later than the actual up to two years.
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Exhibit A -2. Refinance Termination Model Estimation Results

Analysis of Maximum Likelihood Estimates

A-10

. Boundary : Standard bl
Description Parameter Estimate Chi- Pr > ChiSq
Values Error
Square
Intercept Intercept -7.2271| 0.1593 | 2058.0415] <.0001
pol_yr_rl [1,3] 0.6919 | 0.00941| 5410.4548 <.0001
: pol_yr r2 (3,6] -0.1945 | 0.00596 | 1067.1533| <.0001
Policy Year
pol_yr r3 (6,11] -0.1447 | 0.00731| 391.9643| <.0001
pol_yr r4 (11,74] | -0.3340| 0.0248 | 180.9907| <.0001
BorrowerAge at .
Origination Orig_Age -0.0107 | 0.00152| 49.8497 <.0001
Home Value above |, e med 0.2563  0.0105 | 595.8077 | <.0001
Area Median P_ — ' ' ' '
Transformed Morta“ty mortallty_rl (-‘D 715] 0.1595 0.0107 221.6141 <.0001
rates mortality r2 (1. 5, | 02127 | 0.1748 | 1.4801 0.2238
_ _ RFI_newl (B, 0] 0.0504 0.00196| 663.4094| <.0001
Refinance Incentives
RFI_new2 (0, +1 0.2770 | 0.00332| 6959.0396 <.0001
CashDrawdown pCt_CaShdd_rl (0,07] 1.6838 0.0403 | 1745.5276 <.0001
Percentage pct_cashdd_r2 (0.7,1] 1.6200 | 0.0623 & 676.6029 | <.0001
One Year Change in int_Changel ('D 9 0 ] 0.1792 0.0132 184.5926 <.0001
10-Year Treasury Ral{jnt change2 (0, +1-0.1482 0.0170 | 76.2928 | <.0001
Area Median House |limitl [0,1] 2.4271 | 0.0206 113913.2912 <.0001
Price to Origination |
Loan L|m|t I|m|t2 ( 1 , + i 0
Gender_Couple 0.1410 | 0.0182 | 59.8274 <.0001
Borr ower ' s|Gender_Male 0.0648 | 0.0144 | 20.1687 <.0001
Gender_Missing -0.2405| 0.0854 7.9228 0.0049
Line of Credit LOC -0.0904 | 0.0159 | 32.3056 <.0001
2-Year HPI Change |HPA 2Y r -1.2465| 0.0430 | 841.8718| <.0001
CLTV1 [0,0.5] 2.0619 | 0.0686 | 2058.0415 <.0001
Current LTV CLTV2 (0.5,0.8] | -5.6017 | 0.0695 | 5410.4548/ <.0001
CLTV3 (0.8,+ B)| -4.4766| 0.1420 | 1067.1533 <.0001
IFE Group
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Association of PredictedProbabilities and Observed Responses

Percent Concordant 79.4/ Somers' D 0.632
Percent Discordant 16.2 Gamma 0.661]
Percent Tied 4.4/ Tau-a 0.012
Pairs 20937983566( ¢ 0.816
Exhibit A -3. Mobility Termination Model Estimation Results
Analysis of Maximum Likelihood Estimates
Wald
Description Parameter oL Estimate SIETEATE Chi- Pr > ChiSq
Values Error
Square

Intercept Intercept -9.4743 | 0.1360 | 4855.973€ <.0001
If One Year Change
in 1-Year Treasury |OneYrCmt_bucketl -0.0927 | 0.00991| 87.5353 | <.0001
Rate Less tharl0%
If One Year Change
in 1-Year Treasury |OneYrCmt_bucket3 -0.0993| 0.0115 | 75.1527 | <.0001
Rate More than 109

pol_yr nl [1,2] 1.4217 | 0.0226 |3960.0252 <.0001
Policy Year pol_yr n2 (2,3] 0.3033 | 0.0127 | 572.0981, <.0001

pol_yr_n3 (3,74] 0.0381 | 0.00339| 126.4811, <.0001

Gender_Couple 0.2881 | 0.0111 | 673.8539| <.0001
Borr ower ’'|Gender_Male -0.0577| 0.0104 | 30.7501 | <.0001

Gender_Missing 0.1301 | 0.0486 & 7.1772 0.0074

mortality_nl (-b ;6] -0.1277| 0.0172 | 55.2425 | <.0001
Transformed . N
Mortality rates mortality _n2 (-6,-0.5) @ 0.3783 | 0.01000|1431.3377 <.0001

mortality_n3 (0. 5, -1.2644 0.4109 | 9.4686 0.0021
Age at Origination |Orig_Age 0.0133 | 0.00125| 114.2509| <.0001
If Origination Year i
before 2004 pre2004 0.3515 | 0.00833|1781.638¢ <.0001
Appraised Value to
Area Median House rel_hp 0.2383 | 0.00623/1463.9959 <.0001
Price
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Analysis of Maximum Likelihood Estimates

Description Parameter BS,;TS:SW Estimate Stérr;g?rd V(\Zlﬁ:d Pr > ChiSq
Square
CLTV1 [0,0.5] 0.1570 | 0.0332 | 22.3720 | <.0001
Current LTV CLTV2 (0.5,1.0] | -2.5555| 0.0259 |9706.3717 <.0001
CLTV3 (1.0, O
\H/ggsti‘fitsrice Sigma -1.0484 0.1853 | 32.0195 | <.0001
hpa_2y nl (-B-0] | 3.4080 | 0.0829 |1688.431¢ <.0001
2-Year HPI Change
hpa_2y n2 ( 0, + 2.4836| 0.0384 4174.4933 <.0001
Term Product TERM 0.1307 | 0.0230 | 32.3077 | <.0001
Iﬁ]remo':rgg‘é?tt With |rpic -0.0706| 0.0131 | 28.9292 | <.0001
Association of Predicted Probabilities and Observed Responses
Percent Concordant 73.8/ Somers' D 0.503
Percent Discordant 23.5 Gamma 0.516
Percent Tied 2.7/ Tau-a 0.021
Pairs 44568190548(c 0.751

A3. Base Termination Model Implementation

Representing the combined hazard rate, Exhibd Below shows the average conditional
HECM termination rates projected by our simulation models by policy year (loan age) and the
endorsement fiscal year. In ExHilA-4, numbers above the shaded numbers are histgrical
observed termination rates; the FY 2015 termination year (shaded) was estimated based on

partial year actual data. Mortgage Letter 2QP4allowed ceborrowersand spouseto be as
young as 35. Theomposition of future books projected by FHA contatesborrowersand
spousess young as age 38. Correspondingly, the futuredneXtends to policy year 72.
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Exhibit A-4. HECM Termination Rates Conditional on Surviving to the Beginning of the

Policy Year

Policy Endorsement Fiscal Year

Year | 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
1 1.7% 09% 09% 1.0% 12% 13% | 11% 12% 12% 11% 11% 11% 12% 11%
2 29% 3.4% 31% 44% 44% [65% | 44% 38% 3.7% 3.9% 44% 42% 44% 4.2%
3 29% 3.4% 49% 57% [48%  57% 58% 52% 56% 65% 72% 66% 7.3% 6.7%
4 32% 4.4% 51% [54%  44% 51% 53% 49% 55% 64% 65% 6.7% 68% 6.8%
5 41% 45% [58% 45% 4.0% 46% 50% 48% 54% 6.0% 64% 62% 67% 6.1%
6 46% [ 7.0% | 4.7% 41% 3.6% 44% 49% 48% 54% 6.0% 59% 6.0% 59% 55%
7 77%  45% 42% 37% 35% 43% 48% 48% 53% 57% 57% 56% 55% 55%
8 49% 41% 3.9% 3.6% 35% 43% 48% 47% 52% 55% 55% 53% 55% 5.4%
9 48% 41% 40% 3.9% 3.8% 46% 50% 49% 54% 56% 54% 55% 59% 5.8%
10 48% 43% 43% 42% 41% 48% 52% 51% 55% 56% 56% 57% 6.0% 6.2%
11 51% 4.8% 47% 46% 44% 50% 54% 53% 56% 59% 58% 59% 6.1% 6.2%
12 56% 52% 51% 49% 46% 53% 57% 54% 58% 6.0% 60% 59% 63% 6.1%
13 6.2% 58% 55% 53% 50% 57% 60% 57% 61% 63% 62% 63% 64% 6.4%
14 6.9% 63% 59% 57% 54% 61% 65% 6.1% 65% 66% 66% 67% 67% 6.9%
15 75% 6.8% 65% 62% 59% 66% 7.0% 66% 69% 7.0% 7.0% 72% 73% 7.4%
16 82% 75% 7.0% 68% 65% 73% 7.7% 7.1% 75% 76% 76% 7.7% 7.8% 7.8%
17 9.0% 82% 7.7% 75% 7.2% 80% 85% 7.8% 82% 83% 83% 84% 84% 8.4%
18 9.9% 9.0% 85% 83% 81% 89% 94% 86% 89% 9.0% 91% 91% 91% 9.2%
19 10.9% 10.0% 9.4% 92% 9.0% 9.9% 105% 95% 9.8% 9.9% 9.8% 99% 10.0% 10.0%
20 12.0% 11.1% 10.4% 10.2% 10.1% 11.1% 11.7% 10.5% 10.8% 10.8% 10.8% 11.0% 10.9% 10.9%
21 13.3% 12.3% 11.6% 11.4% 11.3% 12.4% 13.0% 11.6% 11.8% 11.8% 11.9% 12.0% 12.0% 12.0%
22 14.8% 13.7% 13.0% 12.8% 12.7% 13.8% 145% 12.8% 13.0% 13.1% 13.1% 13.2% 13.2% 13.2%
23 16.4% 15.2% 14.5% 14.3% 142% 15.4% 16.1% 14.2% 14.4% 14.4% 14.4% 145% 145% 14.5%
24 182% 17.0% 16.2% 16.0% 159% 17.1% 18.0% 157% 159% 15.8% 15.9% 16.0% 16.0% 15.9%
25 20.2% 18.9% 18.1% 17.9% 17.8% 19.1% 20.1% 17.4% 17.5% 17.5% 17.5% 17.6% 17.5% 17.5%
26 225% 21.0% 20.2% 20.0% 19.9% 21.4% 22.3% 19.1% 19.3% 19.4% 19.3% 19.3% 19.3% 19.3%
27 24.9% 23.3% 225% 22.3% 22.3% 23.8% 24.8% 21.1% 21.3% 21.3% 21.2% 212% 21.2% 21.2%
28 27.5% 25.9% 25.1% 25.0% 24.9% 26.5% 27.6% 23.3% 23.4% 23.3% 23.3% 23.3% 23.3% 23.3%
29 30.4% 28.8% 28.0% 27.8% 27.7% 29.5% 30.6% 25.6% 25.6% 255% 25.6% 25.6% 25.6% 25.6%
30 33.6% 31.9% 31.1% 30.9% 30.9% 32.7% 33.8% 27.9% 27.9% 27.9% 27.9% 27.9% 27.9% 28.0%
31 37.1% 35.3% 345% 34.4% 34.4% 36.2% 37.3% 30.3% 30.3% 30.3% 30.3% 30.4% 30.3% 30.4%
32 40.7% 38.9% 38.1% 38.1% 38.1% 39.8% 41.0% 32.7% 32.7% 327% 32.7% 32.7% 32.7% 32.7%
33 44.6% 42.8% 42.0% 42.0% 42.0% 43.7% 44.8% 34.9% 34.9% 349% 34.9% 34.9% 34.9% 34.9%
34 48.6% 46.9% 46.1% 46.1% 46.1% 47.7% 48.8% 36.8% 36.8% 36.8% 36.8% 36.8% 36.7% 36.8%
35 52.7% 51.0% 50.3% 50.3% 50.3% 51.8% 52.8% 38.3% 38.2% 38.2% 38.1% 38.2% 38.1% 38.2%
36 56.9% 55.3% 54.6% 54.7% 54.6% 55.9% 56.9% 39.1% 38.9% 38.9% 38.9% 39.1% 39.0% 38.9%
37 61.0% 59.6% 58.9% 59.0% 59.0% 60.1% 61.0% 39.2% 39.0% 39.0% 39.0% 39.2% 39.1% 39.1%
38 65.1% 63.8% 63.2% 63.2% 63.2% 64.1% 65.0% 38.8% 38.6% 385% 38.6% 38.8% 38.7% 38.6%
39 69.0% 67.8% 67.3% 67.4% 67.3% 68.0% 68.8% 38.1% 37.9% 37.7% 37.9% 38.0% 37.9% 37.9%
40 727% 71.7% 71.2% 71.3% 71.2% 71.8% 72.4% 375% 37.2% 37.0% 37.2% 37.2% 37.2% 37.1%
a1 76.2% 75.3% 74.9% 75.0% 74.9% 753% 759% 37.1% 36.8% 36.6% 36.7% 36.7% 36.7% 36.6%
42 79.4% 78.7% 78.3% 78.3% 78.3% 78.6% 79.1% 37.1% 36.9% 36.6% 36.7% 36.6% 36.6% 36.5%
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Endorsement Fiscal Year

Policy

Year | 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
43 | 824% 81.7% 81.4% 81.4% 813% 81.6% 820% 37.6% 37.5% 37.0% 37.2% 37.0% 37.0% 36.8%
44 | 85.0% 84.4% 84.1% 84.2% 84.1% 84.3% 84.6% 38.6% 38.5% 38.1% 38.1% 38.0% 38.0% 37.6%
45 | 87.3% 86.8% 86.6% 86.6% 86.5% 86.6% 86.9% 40.1% 40.2% 39.8% 39.7% 39.6% 39.5% 39.1%
46 | 89.3% 88.9% 88.7% 88.7% 88.7% 88.7% 89.0% 42.2% 42.5% 42.1% 41.9% 41.8% 41.7% 41.2%
47 | 90.9% 90.7% 90.5% 90.5% 90.4% 90.5% 90.7% 45.0% 45.3% 44.9% 44.7% 44.6% 44.6% 44.0%
48 | 923% 92.1% 91.9% 91.9% 91.8% 91.9% 92.0% 48.3% 48.6% 48.3% 48.1% 48.0% 48.0% 47.4%
49 51.9% 52.3% 52.1% 51.8% 51.8% 51.8% 51.2%
50 55.8% 56.2% 56.1% 55.9% 55.9% 55.9% 55.3%
51 59.9% 60.3% 60.3% 60.1% 60.1% 60.2% 59.6%
52 64.1% 64.5% 645% 64.3% 64.3% 64.4% 63.9%
53 68.2% 68.6% 68.6% 68.4% 68.4% 68.5% 68.1%
54 723% 72.6% 72.6% 725% T725% T72.6% 72.3%
55 76.2% 76.4% T76.4% 76.3% 76.3% 76.4% 76.2%
56 79.8% 79.9% 79.9% 79.9% 79.9% 79.9% 79.8%
57 83.0% 83.1% 83.1% 83.1% 83.0% 83.1% 83.0%
58 85.8% 85.9% 85.9% 85.8% 85.8% 85.9% 85.8%
59 88.2% 88.3% 88.3% 88.3% 88.3% 88.3% 88.2%
60 90.3% 90.3% 90.3% 90.3% 90.3% 90.3% 90.3%
61 92.1% 92.1% 92.1% 92.1% 92.1% 92.1% 92.1%
62 93.5% 93.5% 935% 935% 93.5% 93.5% 93.5%
63 947% 947% 947% 947% 947% 94.7% 94.7%
64 95.7% 95.7% 95.7% 95.7% 95.7% 95.7% 95.7%
65 96.5% 96.6% 96.6% 96.6% 96.6% 96.6% 96.6%
66 97.2% 97.2% 97.2% 97.2% 97.2% 97.2% 97.2%
67 97.8% 97.8% 97.8% 97.8% 97.8% 97.8% 97.8%
68 98.2% 98.2% 98.2% 98.2% 98.2% 98.2% 98.2%
69 98.6% 98.6% 98.6% 98.6% 98.6% 98.6% 98.6%
70 98.8% 98.8% 98.8% 98.8% 98.8% 98.8% 98.8%
71 99.1% 99.1% 99.1% 99.1% 99.1% 99.1% 99.1%
72 99.3% 99.3% 99.3% 99.3% 99.3% 99.3% 99.3%
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Appendix B: HECM Loan Performance Projections

This Appendix explains how the HECM termination model, described in Appendix A, was used
to forecast future loan terminations. We briefly summarize the economic scenarios for interest
ratesand home prices that were used in our projections. The adjustments to home price to
account for deferred maintenance are also presented below. Finally, this Appendix describes how
assumptions about the future cohort characteristics along with the HECMdhene forecasts
generate new loalevel endorsements during the future fiscal years 2.

B1. General Approach to Loan Termination Projections

HECM loan termination rates are estimated for all future policy years for each surviving (active)
loan. The policy year is the annual loan age and by assumption the maximum possible policy
year is 74. To illustrate the initial conditions of the forecast, a loan endorsed in FY 2009 and still
active in FY 2015 has its first full year termination rate estichatepolicy year eight, because

the first seven policy years have already elapsed by the end of FY 2015 (the starting date of the
forecast). Active loans are distinguished by the fiscal year of endorsement from FY 2009 through
FY 2015. Future endorsemerae generated for FY 2015 @droughFY 2022 as described in
Section B4 below.

The variables used in the analysis are derived from loan characteristics and economic forecasts.
Moody’'s July 2015 forecasts of i nibed wihgshe r at e
loantlevel data to simulate the stochastic economic paths and create the necessary variables.
MSA-level forecasts of house price indices apply to loans in metropolitan areas; otherwise loans
inherit their statdevel house price index foredas . Moody’' s house price f.
simultaneously with various macroeconomic variables including the local unemployment rates.

For each loan during future policy years, the derived loan variables serve as inputs to the logistic
termination mdels described in Appendix A. The termination projections by types of
termination are combined to generate conditional termination rates per policy year, representing
the probability of loan termination in a policy year by different modes of terminatien ghat it
survives to the end of the prior policy year. The HECM cash flow model uses these forecasted
termination rates to project the cash flows associated with different termination events.

B2. Economic Scenarios

We used 100 simulated stochasticen omi ¢ paths that are calibr a:
baseline scenario as of July 2015 to generate our benchmark results. We also applied seven
alternative economic scenarios for sensitivity analysis, including five economic paths from our
stochastics i mul at i on, the Moody’' s baseline as a d
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S ump Scenari o’ suggested by Moody’' s economy.
include the FHFA national, state and MSA purchaskly house price indices; the natibna
unemployment rates; the “y@ar Treasury rate, theykar Treasury rate and theyéar LIBOR

rate.

The seven alternative scenarios are:

Moody’'s July 2015 baseline as a determinis
10" Best Path in the simulation, the path that resutetie 1¢" highest economic value

in the Monte Carlo simulation;

25" Best Path in the simulation;

25" Worst Path in the simulation, the path that resulted in tflddest economic value

in the Monte Carlo simulation;

10" Worst Path in the simulatip

The Worst Path in the simulation, the path that resulted in the lowest economic value in

the Monte Carlo simulation and

f Moody's Protracted Sl ump Scenari o.

T
T
1
1

1
1

Under Moody’' s forecast met hodol ogy, the | eve
converge to the basmse longerm index levels. As a result, the stress scenarios show faster
house price growth after the index bottoms out. As in the corresgpAdiluarial Review for

forward mortgages, we made an adjustment to this methodology whereby the house price growth
rates converge to the lomgn growth rates instead of converging to the ks levels of the

indices. This adjustment eliminates the sérecenarios showing a faster growth after the index
bottoms out. Based on quarterly data, the graph in ExhiliilBistrates the historical quarterly

national house price changes and those for each of the selected scenarios.
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Exhibit B -1. Quarterly Purchase-Only National House Price Index for Seven Scenarios

1000

900

Moody's Baseline

Moody's Protracted Slump Scenario

«eeeee 10th Best Simulation Path
= . «25th Worst Simulation Path

= == ?25th Best Simulation Path o
— — —10th Worst Simulation Path .

800

= . \Worst Simulation Path

700

600

500

400

300

A similar chart for the 1§ear constant maturity Treasury (CMT) rates appears in ExhiBit B

below. The Federal Reserve Board has kept interest rates low for the past fewbyegrsblic

discussion focuses on when this will ease upl n

Moody’ s alternat

future paths of interest rates all rise rapidly in tiear termThe oneyear and tetyear LIBOR
rates tend to reflect a small, positive dimde-varying credit spreaover Treasury rates of the
same duration. The LIBOR series is not shown for brevity.
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Exhibit B-2. 10year Treasury Rates for Seven Scenarios

25
Moody's Baseline Moody's Protracted Slump Scenario
+ssse« 10th Best Simulation Path === 25th Best Simulation Path
= .+ «25th Worst Simulation Path - --- 10th Worst Simulation Path
20

= . The Worst Simulation Path

2014Q1
2015Q1
2016Q1
202201
2027Q1

CID
A
:
4

12 ’

2032Q1

2034Q1
2035Q1
2036Q1
2037Q1
2038Q1

B3. MaintenanceRisk Adjustments

Researcft on the HECM portfolio indicates the need to account for the home maintenance risk
posed by HECM borrowers. Maintenance risk refers to the moral hazard that HECM borrowers

may underinvest in the maintenance on their homes, especially when their antieipaityd

upon termination is low or negative. First we derive the cumulative house price discount factor
by using the HECM property sales price data from CoreLogic. The formula for the discount is

(1)

0¢ 6 D RAT@ G ECHXD pi

31 Capone, C. A, K. L. Chang afl A. Cushman (2010)ldentification of Home Maintenance Risk in Reverse Mortgages: An
Empirical Examination of Home Price Appreciation among HECM BorrowAreerican Real Estate and Urban Economics

Association 2010 Mig¥ear Conference: Washington, D.C
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where’OU is the sale price of the house underlying a HECM loan obtained from CoreLogic;
"O0 is the appraised value of the same houskedtme of HECM loan origination:;
"0O0 "B the local FHFA purdiiseonly house price index at time.

We calculated the average housing price discount factor for terminated HECM loans regardless
of termination type. Then, we used an exponential decay function of the policy year to fit the
historical average discoufdactor, as shown in the formulas below. Similathe Capone, edl.

(2010) finding, HECM loans with prices lower than the local median price tend to be less
carefully maintained than those with prices above the local median. We included an indicator
hp_aove medi.e., the appraisal value is above the local median house price) to capture this
effect.

0F 6 QAW & EOBHE ¢ HEOR
7" 8z FI e~ T TV ~
e Tzl QQQQP Ty o goa o)
] L T8z Q QQQQp T
0F 6/ QAW & EOBHE ¢ BE00
. 8 z R c ey .
o T8 va QOO Ty 5z 5070 p 3)
® a0 Q000 T

We used the above equations to project the maintenraskcadjustment factors. The projected
recovery from property disposition is computed as:

Oi 0 "Q& BHd LRNMDE Qw'Q
00 — p "O¢ 60D RABXLQO6 | O &HEQHTOD £ | (4)
And the net sale price of the property is:

Net Property Sale Price = Estimated Property Sale Pric& k ¢ sales expenses)  (5)

The maitenancerisk adjustment factors apply only to property recovery revenue at the
projected HECM loan termination date.
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B4. Conveyance and Payoff Selection Model Postassignment

For terminated loan in Type 2 Claim, borrowers can pay off HECM loanpaidback HUD as

minimal of 95% of UPB, or HUD can sell the conveyed property to recover theirliodss
year’'s Revi ew, we used HECM | oans df®emBAYi nat ed
2005througlfF Y2015 t o anal yze HECM’sekectioncmoiwes Thareawese a n d
9,345 observations for the logistic model.

Most variables in the equation have the same specification in the termination model shown in
Appendix A, with one additional variable included: the national relative unemployment rat
rel_ue_usawhich reflects macr@conomic conditions that imply a higher probability of
conveyance in a bad economy. The results also indicate that HECM borrowers in areas with
higher house prices than the national average are more likely to pay otxdrople, borrowers

in California may have more incentive to keep their houses than borrowers in Kansas. Also,
HECM borrowers with higher appreciated home value, with higher relative home price relative
to local median price, or with lower loda-value rdio are less likely to convey because of the
higher possibility of retaining some equity in the house after paying off the loan balance. Older
borrowers or those with higher upfront cash draws are less likely to keep the house and thus are
more likely to onvey. Exhibit B3 shows the estimation results.

Exhibit B -3. Conveyance and Payoff Selection Model Coefficients

Analysis of Maximum Likelihood Estimates
Description Parameter SIELLERE il
Estimate Error Chi-Square Pr > ChiSq

Intercept -13.4197 0.7782 297.3913 <.0001
loan age <=7 pol_yrl 0.8183 0.0684 143.3084 <.0001
loan age >7 pol_yr2 0.3288 0.0148 491.0251 <.0001
borrower's age at .
origination Orig_Age 0.0850 0.00577 216.8439 <.0001
ratio of median
local house price t@ . .
national loan limit limitl -3.2087 0.1317 593.6115 <.0001
atorigination <=1
ratio of
unemployment rate
to past 10y averag¢rel_ue_usa 0.7780 0.0985 62.4451 <.0001
at termination, at
national level
frstmonth cash -yt cashad 0.6388 0.0943 45.9106 <.0001
relative houserice rel_hp -1.2700 0.0898 199.8558 <.0001
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Analysis of Maximum Likelihood Estimates

. Standard Wald
DESE AT PRTEIIEIES Estimate Error Chi-Square Pr > ChiSq
Cumulative HPA
between Cumulative
termination and HPI_Change -0.0231 0.00116 397.2162 <.0001
origination
updated loan to
value ratio CLTV 2.0236 0.1482 186.4899 <.0001
Association of Predicted Probabilitiesand Observed Responses
Percent Concordant 88.9 Somers' D 0.778
Percent Discordant 11.0 Gamma 0.779
Percent Tied 0.1|Tau-a 0.383
Pairs 21476444c¢c 0.889

B5. Forecasted Endorsement Volume and Portfolio Composition

Based on HECM loan data observechr ough June 2015, t he Moody
economic forecast, and the HECM total demand count model in Appendix E; Exfditsh&wvs

forecasted HECM endorsement volumes and MCAs for FY 2016 through FY 2022 books. The
projected loan compositions dfdse future books were based on the projection by, kidch

included the newly allowed spouses younger than 62

Starting in FY 2014, FHA canceled the Standard and Saver programs and introduced a new
program which has an initial disbursement cap of 6@gregr and has the principal limit at 85

percent of the original Standard product. We assume that the maximum claim amount (MCA) of
individual | oans wi | | grow by Moody’'s July 20
FY 2022.
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Exhibit B-4. HECM Volume and MCA Projections for Future Endorsements (allowing
younger spousey

= Average Total Total Dollar
MCA Count Volume ($m)
2016 $274,052 55,000 $15,073
2017 $281,735 60,465 $17,035
2018 $285,789 64,174 $18,340
2019 $291,346 67,094 $19,548
2020 $299,151 69,751 $20,866
2021 $308,787 72,163 $22,283
2022 $319,021 74,336 $23,715

The assumptions on the age and gender distribution for FY-204% new programs were based
on the distribution of the FY 2014 endorsements and are simokxhibit B-5.

Exhibit B -5. Future Endorsement Age and Gender Distribution

Current Program FYs 20162022 (Adjusted for NonBorrowing
Spouse)
Age Group Male Female Couple Row Totals
< 62 0.0% 0.0% 100.0% 100.0%
62 to 65 13.9% 18.9% 67.2% 100.0%
66 to 70 13.0% 22.9% 64.1% 100.0%
71t0 75 14.6% 31.6% 53.8% 100.0%
76 to 85 15.9% 37.5% 46.6% 100.0%
85+ 22.0% 60.8% 17.2% 100.0%
All Ages 13.8% 27.0% 59.1% 100.0%

Based on recent data and expected market changes, assumptions about theafkeirshares
of loan interest rate types were projected by FHA as shown in Exhthit B

Exhibit B -6. Future Distribution of Loan Amortization Types

FY Fixed Rate Loan Variable Rate Loan
20162022 20% 80%
IFE Group
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Assumptions for each future cohort weyjected by FHA as shown in ExhibitB These

buckets represent the cash draw preferences of future borrowers froffl thieh@ 74policy

years, without policy restrictions on upfront draw amounts. However, since predicted behavior is
expectedtochane due to new policy mandates, borrowe|
disbursement at origination equal to the greater of 60% of the Principal Limit, or the mandatory
obligations plus 10%in the first goley yPar. iTmecprojeed drawl i mi t ”
distribution was provided by FHA. Also, we assume that therin@tth cash draw equals the

first-year cash draw for future cohqgrisr their termination and T&lI projections.

Exhibit B -7. Future Distribution of Projected Cash Draws for FYs 2016 2022

Percentageg Cash draw to initial principal limit (Cash Draw Down Bucket)

Age Grou 0%- | 10%- | 20%- | 30%- | 40%- | 50%- | 60%- [ 70%- | 80%- [ 90%- 100%
9 Pl 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100% >

62 to 65 3.3% | 1.9% | 1.9% | 2.1% | 2.3% | 2.4%| 1.9% | 1.9% | 1.7% | 3.0% | 77.7%
661070 | 42% | 2.3% | 2.4% | 2.5% | 2.4% | 2.0% | 2.0% | 1.6% | 1.5% | 2.5% | 76.5%
71t0 75 54% [ 3.4% | 3.1% | 2.7% | 2.6% | 2.7% | 2.2% | 1.7% | 1.3% | 2.7% | 72.2%
76 10 85 7.9% [ 5.1% | 4.3% | 3.5% | 3.1% | 2.7% | 2.5% | 1.9% | 1.3% | 2.9% | 64.7%

85+ 12.4%( 9.4% | 6.4% | 4.0% | 3.3% | 2.8% | 2.0% | 1.5% | 1.6% | 3.1% | 53.5%

Weighted
Column 54% [ 3.4% | 3.0% | 2.7% | 26% | 24% | 2.1% | 1.8% | 1.5% | 2.8% | 72.2%
Totals

The above assumptions form the basis for generating projected future HECM endorsements for
FYs 2016 to 2022.

32 Mortgageel_etter 201327, Department of Housing and Urban Development, September 3, 2013.
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Appendix C. HECM Cash Flow Analysis

This Appendix describes the calculation of the present value of future cash flows. Future cash
flow calculations are based on forecasted variables, such as house price appreciation and interest
rates, in addition to individual loan characteristics anddveer behavior assumptions. There are

four major components of HECM cash flows: insurance premiums, claims, note holding
expenses and recoveries on notes in inventory (after assignment). HECM cash flows are
discounted according to the latest discount facpublished by the Office of Management and
Budget (OMB). These elements of cash flow and the present value calculations are described in
this Appendix.

C1. Definitions
The following definitions will facilitate the discussion of HECM cash flows:

1 Maximum Claim Amount (MCA): Maximum claim amounts are calculated as the
mi ni mum of three amount s: the HECM propert
application, the purchase price of the property, and the national HECM FHA loan limit
($625,500 for FY2015).

1 Insurance-In-Force (lIF): Refers to the active loans in the FHA insurance portfolio (prior to
loan assignment) and calculated as the total of their MCAs.

1 Conditional Claim Type 1 Rate (CC1R): Among loans that terminated before note
assignmer) the percentage of such loans that had a shortfall. The shortfalls are labeled as
claim type 1. The other terminations before assignment have zero claim amounts,
corresponding to when the property value exceeds the outstanding loan balance by more than
the sales transactions cost.

1 Claim Type 2 (Assignment):When the cumulative UPB of an HECM reaches 98 percent of
the MCA, the lender can assign the promissory note to FHA. FHA pays the UPB at the time
of assignment to take the ownership of the note.a8sggnment events are labeled as claim
type 2.

1 Note Holding Period: The length of time from note assignment to loan termination. During
this period, FHA takes possession of the loan, now called an assigned note, and services it
until loan termination.

1 Recoveries The property recovery amount received by FHA at the time of note termination
after assignment, expressed as the minimum of the loan balance and the predicted net sales
proceeds at termination. The recovery amount for refinance terminatienl@an balance.
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C2. Cash Flow Components

HECM cash flows are comprised of premiums, claims, note expanserecoveries. Premiums
consist of upfront and annual mortgage insurance premiums, which are inflows to the HECM
program. Recoveries after assignment, a cash inflow, represent cash recovered from the sale of
the property once the loan terminates. Claypet 1 payments are cash outflows paid to the
lender when the sale of a property is insufficient to cover the balance of the loan. Assignment
claims and note holding payments are additional outflows. Exh#iitsGmmarizes the HECM

inflows and outflows.

Exhibit C-1. HECM Cash Flows

Cash Flow Component Inflow Outflow
Upfront Premiums X
Annual Premiums X

Claim Type 1 Payments
Claim Type 2 (Assignment) Paymer
Note Holding Expenses
Recoveries X

XXX

We next discuss the major components @aldulations associated with these HECM cash flows.

C2.1. Loan Balance

The unpaid principal balance (UPB) is a key input to the cash flow calculationt&/PBat a
given timet is calculated as follows:

UPB, = UPB;.; + Cash Draw + Accruals

The UPB for each periotconsists of the previous loan balance plus any new borrower cash
draws and accruals. The accruals include interest, annual mortgage insurance premiums, and
servicing fees. Future borrower draws are estimated by assigning ditem$ab loans based

upon the cash draws during the first two years. As noted in Appendvwe Rssume that tax and
insurance default terminations before assignments will accrue additional UPB at an annual rate
of 2.5 percent of the estimated property value for the assumed one year between the default date
and the property disposition date. And@scent ofthe loans without available cash draws after
assignments are assumed to fail to pay taxes and insuranceth#ésedoans will accrue
additional UPB at annual property tax rates on the estimated property value until their
termination. Statéevel average property tax rates were used to estimate theaafigmment tax

accrual amountsunpaid hazardnd floodinsurance premiums after assignment are not accrued
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C2.2. Premiums

Upfront and annual mortgage insurance premiums are the primapesafrFHA revenue from
the HECM program. Borrowers typically finance the upfront premium when taking out a HECM
loan. Similarly, the recurring annual premiums are added to the balance of the loan.

C2.2.1. Upfront Premiums

The upfront premium is pai@d tFHA at the time of loan closing. It is equal to a stated percentage
of the MCA. Since FY 2009, the upfront premium rate for the Standard HECM contract has been
2 percent of the MCA. This rate remained the same for the Standard program through FY 2013.
For FY 2011 to 2013, the upfront premium rate for the Saver program was 0.01 percent (1 basis
point) of the MCA. For the new program introduced in FY 2014, the upfront premium rate is 0.5
percent of the MCA if the firsyear cash draw is less than or equwab0 percent of the initial
principal limit, and 2.5 percent of MCA if the firgear cash draw is more than 60 percent of the
initial principal limit. Typically, the upfront premium is financed by the HECM lender. The
amount is added to the loan balaramed eventually repaid to the original lender. Thus, the
upfront premium is paid in full to FHA at the loan closing, and is a positive cash flow.

C2.2.2. Annual Premiums

The annual premium is calculated as a percentage of the current loan balance F¥o2@08

and FY 2010 books of business, the annual premium was 0.5 percent of the UPB. From FY 2011
onward, the annual premium was set to 1.25 percent of the UPB for all Standard, Saver, and the
new program introduced in FY 2014. Before a loan is assighedannual premium is assumed

to be advanced by the lender, paid to FHA, and added to the accruing loan balance.

C2.3. Claims

HECM claims consist of two types: claim type 1 and claim type 2.

C2.3.1. Claim Type 1 (Preassignment)

Claim type 1 enters the HECM cash flows as payments to the lender when a property is sold and
the net proceeds from the sale are insufficient to cover the balance of the loan at termination.
Since the inception of the HECM program in 1989, the occurreindaim type 1 has been rare.

The losses from claim type 1 can be expressed as:

Minimum of zero and the net sale proceeds at termination deducted from the unpaid loan
balance, for a loan that terminates before the UPB reaches 98 percent of the MCA.
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C2.3.2. Claim Type 2 (Assignment)

Lenders can assign a loan to FHA when the UPB reaches 98 percent of the MCA. FHA acquires
the note resulting in a cash outflow, the acquisition cost, equal to the loan balance (up to the
MCA). The majority of HECM lendes assign loans to FHA as soon as the UPB reaches 98
percent of the MCA. Thus, the HECM forecasting model assumes that the assignment occurs
when the projected UPB reaches 98 percent of the MCA threshold. Based on the historical
average, the cash outflowassignment averaged approximately 99 percent of the MCA. The net
losses from claim type 2 depend on two components, the note holding expenses after assignment
and recoveries from assigned notes, now discussed.

C2.4. Note Holding Expenses after Assignemt

In this FY 2015 model, we introduce one additional component to note holding expenses after
assignment. The note holdirgash outflowsinclude both the additional cash draws by the
borrower and property taxes FHA paid for those borrowers who defauheir tax payments

after assignment.

One component of note holding expenses after assignment is the additional cashyditaev
borrowes that occur under the contract after FHA takes ownership of the note. This happens
only if the total cash drawn kiyie borrower has not reached the maximum principal limit upon
the assignment date.

For loans without additional cash draws available after assignment, this FY 2015 Review
assumes that 25 percent of the borrowers of the assigned loans will fail toxpay(aad
insurance). As discussed in Appendix D, the T&l defaults after assignment will not result in loan
terminations. FHA will pay the taxes for the borrowers and accrue the payments on the loan
UPB. Thus, the note holding expenses will also includeakgayments of those 25 percent of
loans, which equal annual tax rates by states multiplied by the estimated property values, until
the loan terminates.

C2.5. Recoveries from Assigned Loans

At note termination for an assigned loan, the HECM loamesahd payable to FHA. The timing

of loan terminations after assignment (when UPB reaches 98 percent of iM@Ajected with

the termination model in Appendix A. The amount of recovery equals the minimum of the loan
balance and the predicted net salexceeds at termination, where net sales proceed equals the
projected property value less selling expenses. For tax and insurance (T&l) defaults that occur
after assignment, the dollar amount of tax payments are included in UPB amount and are counted
as casloutflow in note holding expenses. Different from previous years, T&l defaults will not
cause loan terminations after assignment. Therefore, for all loan terminations that occur after
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assignment, the amount of recovery follows the same equation as tensndtefore
assignment.

C3. Net Future Cash Flows

The portfolio cash flow for a HECM book of business can be computed by summing the
individual components as they variously occur over time:

Net Cash Flow= Upfront Premiums + Annual Premiums + Recoverieg
- Claim Type 1s- Claim Type 2s- Note Holding Expenses

The discount factors applied in computing the present value of cash flows are the annual Federal
credit subsidy present value conversion factors published by the Office of Management and
Budget (OMB). The credit subsidydiscount factordor the 2016 Predie nt ° s Budget r e
most recenflreasury yieldc ur v e, which captures the Feder al
raising fundsThese factors reflect the capital mar k e
rate risks of U.S. Treasury securitidhe discount factors vary depending on how far into the

future a cash flow will occur. The discount factors are shown in ExhiBit & an example, a

cash flow occurring at the end of FY 2016 is multiplied by 0.9890 to convert it into a present
value fa yearend FY 2015. The discount factors used in this Review are higher than the
corresponding discount factors in |l ast year’s
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Exhibit C-2. OMB Discount Factors

Fiscal Discount Fiscal Discount
Year Factor Year Factor
2016 0.9890 2035 0.5121
2017 0.9685 2036 0.4925
2018 0.9431 2037 0.4735
2019 0.9149 2038 0.4551
2020 0.8850 2039 0.4374
2021 0.8550 2040 0.4202
2022 0.8252 2041 0.4036
2023 0.7965 2042 0.3876
2024 0.7690 2043 0.3721
2025 0.7426 2044 0.3572
2026 0.7169 2045 0.3428
2027 0.6917 2046 0.3290
2028 0.6671 2047 0.3158
2029 0.6430 2048 0.3030
2030 0.6196 2049 0.2908
2031 0.5968 2050 0.2791
2032 0.5747 2051 0.2678
2033 0.5532 2052 0.2571
2034 0.5323 2053 0.2467
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Appendix D: HECM Tax and Insurance (T&l) Default Model

This Appendix presents the tax and insurance default model. In Section D1 we provide some
background information. Section D2 describes the data and provides surdesamyptive
statistics. Section D3 introduces the model and provides parameter estimates and other statistics.
Section D4 describes various aspects of model implementation. Section D5 reports the projected
cumulative lifetime T&I default rates by endomsent year cohorts.

D1. Background

In Mortgagee Letter (ML) 20201, FHA announced that HECM loans with tax or insurance
(T&l) delinquencies are considered due and payable, and therefore subject to foreclosure if they
do not comply with repayment plariirough impacts on termination speeds and recovery rates,
this ruling has the potential to impact the economic value of the HECM program.

There are several major policy changes in FY 2015 that will affect the T&l default model. In
Mortgagee Letter (ML)201509, HUD introduced the requirement and calculation of Life
Expectancy Sefside (LESA), which is used for the payment of property taxes and hazard and
flood insurance premiums. The LESA guidelines became effective on 4/27/2015. With-this set
aside, HEM loans with LESA will have fewer funds available for withdrawal, but there will be
no T&l defaults before the life expectancy of the borrowers. However, FHA has indicated that
there is little information available yet, including the percentage of HECithsLEESAs and the
types of LESAs imposed. FHA did not indicate how mortgagees should determine which
mortgagors should have LESAs, and who should have which type of LESA. Intuitively, the
incentives of mortgagees are on the side of not imposing LESAS, ®oiacrease the demand

for HECMs. Therefore, we assume zero effect of this LESA guideline due to limited information
about how this is being implemented. Once more originations with LESAs become available, the
potential impact of this policy needs totewiewed and revaluated.

For HECM loans before assignment, HUD provided additional guidance on due and payable
policies and the timing requirements in Mortgagee Letter 2WL8nd Mortgagee Letter 2015
11. For HECM loans after assignment, HUD curredthgs not foreclose on assigned loans that

are in default on tax and/or insurance paymen
on the lien of an assigned loan, HUD advances tax payments on behalf of the borrower. HUD
first advances funds fromeh bor r ower ' s avail able HECM funds.

advances the tax payment and adds the payment to the loan balance. These policies affect all
existing books and future books.

For loans before assignment, based on the same methodologgras iyears, the T&l model is
used to project their default behavior. If the loans go to default, we assume the foreclosure will
be enforced within one year, and the costs of T&I default in that year will be accrued to the loan
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UPB. The T&l model does naffect loans after assignment. We assume a constant percentage,
25%, of assigned loans go to tax default immediately after assignment. We use the property tax
rates by state to calculate the taxes HUD will pay annually until the termination of those loan
The tax payments are treated as note holding expenses, a component of cash outflows as
discussed in Appendix C, and added to the loan balance.

The remainder of this Appendix discusses the T&l default model. Notice that fdf\i2915
Review, the T&ldefaultmodel isapplicableonly for the performance of HECM loans before
assignment.

D2. Data

FHA' s data bases identify whi cdelinfuErCWSom®ad ns ha
these loans may terminate through foreclosure pursuant to Mortgagee Lett&12&1fbr other
reasons, and some may have cured. For purpose
delinquent loan not making any T&l repaynenover a consecutive df8onth period.
Correspondingly, a loan stays in delinquency (but not default) as long as a partial repayment is
made in any l2nonth window. However, a T&l delinquent loan is cured only when the T&l

debt is paid in full by the borveer. Under this definition of T&I default, a borrower who owes

$1,000 T&I in month 1 will not be considered in default if this borrower makes a $10 repayment
within the next 12 months. However, if this borrower makes a $10 repayment in month 5, but
does nbmake any additional repayments until month 20, this loan will be considered in default

at month 17, after 12 months of no repayments. T&l default is defined as the terminal status. A
binomial logistic regression estimates the probability of a T&l defaula function of various
explanatory variables.

We processed the HECM loan data provided by FHA to create a unique record for each
loan/policyyear combination. In order to build the predictive model, we obtained the following
static loan attributes fathe entire active and terminate HECM loan universe as of March 31,
2015: loan type (line of credit or other), borrower age at origination, borrower gender,
origination date, initial month cash drawdown as a percentage of the maximum allowable draw,
whethe the property is located in the two states with the highest HECM concentration
(California and Texas), an indicator of whether the home value at origination was above or
below the local area median value, loan age and current LTV.

The historical T&l dedult behavior varied throughout the years. In recent years, the HECM

loans are less likely to experience a T&l default because the more effective enforcement of the
forecl osure process. ohnthetlohn psrforgn@nees Stastingrfréfy i e w, W
2011 to estimate our model, in order to base our predictions consistertheitcent policy

change. In contrast to previous reviews, we also included the terminated loans in the estimation
process, to capture the T&l performance from the whole HEGMerse.

IFE Group
D-2



FY 2015HECM Actuarial Review AppendixD: HECM Tax and Insurance Default Model

D2.1. Variable Definitions

We used the following variable specifications in our regression analysis:

timeDfltAny = 1 when the loan reachad.2 months delinquency status during the year with
no partial repayments; = 0 if not delinquent ol cured, partially repaid delinquent, or
delinquent less than 12 months during the year. (Dependent variable)

pct_cashdd = the percentage afash drawdown to the maximum allowed amount in the first
month of loan origination. The model uses a linedinspfunction, with a knot point of
90%. For the new program starting from FY 2014, we assumed thgdastcash draw
percentage is the same as the4msinth cash draw percentage.

Orig_Age =borrower age at origination.

LOC = 1if product type is lie of credit; O otherwise.

Single_Female= 1 if single female borrower; O otherwise

Single_Male = 1 if single male borrower; O otherwise

Gender Missing= 1 i f borrower’s gender i s missing,;
stateCA/stateTX =1 if collateral property is in California/Texas; 0 otherwise.

Relative house price to median= home value tahe local area median home value at
origination.

PolicyYear =current loan age in year&.spline function is applied on this variable.
LTV_Curre nt = current UPB divided by the estimated current property value, capped at 1.

D2.2. Descriptive Statistics

Exhibit D-1 shows selected statistics for the estimation sample dataset. Also, 15.3 percent of
HECM loans have had a T&l delinquency histoaynong which 40 percent are currently in
default.
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Exhibit D-1. Descriptive Statistics of Active and Terminated Loans

Variable Number_of Mean Star)dgrd

Observations Deviation
Ever in Default 113,031 0.401 0.490
Default Policy Year 45,381 4557 2.026
Percent Cash Drajown <= 90% 413,095 0.486 0.267
Percent Cash Dradown > 90% 325,620 0.954 0.024
Original Age 738,715 72.098 7.284
LOC 738,715 0.903 0.296
Gender_Male 738,715 0.187 0.390
Gender_Female 738,715 0.406 0.491
Gender Missing 738,715 0.007 0.084
State CA 738,715 0.167 0.373
State TX 738,715 0.069 0.253
Relative house price to median 738,715 1.108 0.577

D3. T&l Default Model

The T&l default model was estimated based on the data extract from the FHA database as of the
end of March 2015. All active and terminated loans endorsed in FY 2001 and later were included
in the estimation sample. Endorsements prior to FY 2000 are excludedsbéeauiathe new
enforcement policy announced in Mortgagee Letter ZML1L oan performance begins in FY
2010. Regression results are presented below in Exhikits D

Exhibit D-2. Maximum Likelihood Estimates of the T&I Default Model

Analysis of Maximum Likelihood Estimates

Boundary Standard Wald
Parameter Values| Estimate Error | Chi-Square| Pr > ChiSq
Intercept -0.910§ 0.0892 12348.94( <.0001

2
pct_cashddl (0,0.9]] 0.9724 0.0306 1010.8444 <.0001
pct_cashdd?2 (0. -0.6899 0.2183 1970.0864 <.0001
Orig_Age -0.01000.000731 187.2461 <.0001
LOC 0.9987 0.0370 728.2064 <.0001
Gender_Female 0.5215 0.0114 2010.7866¢ <.0001
Gender_Male 0.5872 0.0134 1933.195% <.0001
gender_missing 0.4823 0.0621] 60.2324 <.0001
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Analysis of Maximum Likelihood Estimates

Boundary Standard Wald
Parameter Values| Estimate Error | Chi-Square| Pr > ChiSq
stateCA -0.2393 0.0154 240.4293 <.0001
stateTX 0.5763 0.0168 1176.651( <.0001
rel_hp -0.1317 0.0101 170.964C <.0001
pol_yrl [1,2] 1.3842 0.0322 1847.484 <.0001
pol_yr2 (2,3] -0.1220 0.0162 56.9102 <.000%
pol_yr3 (3, +| -0.2728 0.00343 6309.248] <.000%
CLTV 3.8738 0.0408 9007.469( <.0001

Association of Predicted Probabilities and Observed Responses

Percent Concordant 73.8{Somers' D 0.503
Percent Discordant 23.6|Gamma 0.516
Percent Tied 2.6| Tau-a 0.019
Pairs 108310399184c 0.751

Based on the regression results in ExhibR,borrowers with a larger initial cash draw exhibit a
higher default propensity than those with a lower initial cash draw. However, the default
propensity is reduced if the initial cash draw is greater thapedfent of the allowed draw,
which were mostly among fixegite borrowers. Default risk is higher in Texas, and lower in
California, other things equal. Default is a decreasing function of elapsed time from origination.
Default propensity is lower amongade with home prices above the area median. Single
borrowers of either gender are more likely to default compared to the omitted category
representing mainly couples.
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D4. T&l Default Model Implementation

We forecast T&l default behavior using the T&hbmial logistic default model derived above.

A T&I default can happen in a future year only if the loan survives to the end of that year and is
not assigned in that year. Thus, the base termination model described in Appendix A takes
sequential precedeaover the T&I default termination mod#&lle assume that T&I defaults will
accrue UPB at 2.5 percent of the property value before assignment. We also assume a-fixed one
year period will elapse between the T&l default event and the subsequent propersytidispo

After assignment, T&l default model is not effective, and we assu@fepercent T&l default
rateand that theseT&I defaults will accrue UPB athe statelevel tax ratetimesthe property

value.

D4.1. Treatment of HECM loans in T&I default at the start of the forecast

We assume that active HECM loans already meeting the default definition, i.e., at any point of
time a loan has 12 or more months of delinquency history without any repayment, will be
resolved through involuntary termination. Thevere 45,381 such loans as of March 31, 2015.

In view of the oneyear disposition time assumption, these defaulted loans were treated as if
defaults occurred in FY 2015 and the dispositions are assumed to occur in FY 2016. Thus, during
the simulation, th& &l default model was not further applied to these loans.

D4.2. Forecast implementation of T&l default model for the atrisk population

Delinquent loans meeting the cure definition, uncured delinquencies with less than one year of
delinquency histar, loans with no delinquency history and future endorsements are all treated as
part of the ®“at risk” population for future
determine the likelihood of default of each loan in each future fiscal kaah loan is randomly
assigned to either default or not default according to the computed probability of default. Once a
loan is flagged as a default, we set the effective date of property disposition one year into the
future.
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D5. Summary Forecast Reslits

To quantify the implementation of the model, the annual T&l default probabilities were
forecasted for all active loans at the end of June 30, 2015 for all remaining years ofytdsr 74
limit assumed for every HECM loan. The resultant cumulativeirie T&I default rates by
historical fiscal years of endorsement starting from FY 2009 for the active loans appear in the
Exhibit D-3 below. The results include loans meeting the default definition as of June 30, 2015,
and the assumed 25% of tax defauline after assignment. The projected T&l default rate
indicates a higher default rate thalnservedoeforethe assignmentowing in part to the lack of
incentive for borrowers to pay property tax attezir HECM isassiged to HUDQ assuming they
receive adice that they will not be foreclosed on for not paying taxes and insurance

Exhibit D-3. Lifetime T&I Default Rates for the Current Portfolio by Endorsement Year

Fiscal Year of HECM Loan Lifetime T&l

Endorsements Count Default Rate
2009 86,633 17.74%
2010 61,919 19.46%
2011 59,722 19.80%
2012 46,262 20.52%
2013 53,837 21.94%
2014 47,646 20.03%
2015 42,072 19.47%
Total 398,091 19.66%
*2015 endorsements through 6/30/2015
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Appendix E. HECM DemandModel

E1l. Background

The Actuarial Review requires forecasting future demand of HECM loans for the FYs 2016
2022 in order to project future economic values of the MMI HECM portfolio. The HECM
demand forecasting model was designed to respond toedifféuture economic scenarios for

house prices, and has a quarterly frequency. Since the HECM analysis uses an annual frequency,

the quarterly projections are aggregated to an annual basis.

E2. Data

The HECM demand model predicts demand by loan counus,dollar volumes. Quarterly
forecasts of the FHFA purchasely repeats al es home price indices
Analytics July 2015 forecasts.

HECM demand depends on the number of eligible senior homeowners who might choose to
borrow from the pogram. To proxy this demographic demand driver, historical estimates and

future forecasts of the U.S. population aged 62 years and older were obtained from the U.S.

Census Buréefau’s website

The most recent year for which this data is available is 2ZDlid.census forecast tife future

senior population had an annual instead of quarterly frequency. We applied linear interpolation
to fill in quarterly observations. Although the HECM model is on an annual basis, we use
guarterly data here in order to net&nough observation points to support the estimation of a
time series model.

There were 49 (FY 2003 QBroughFY 2015 Q2) quarterly observations used inrdagression,
reflecting data availability and taking into account the lags used in connection with the
explanatory variables. The forecasted demand sdvés 2015 Q3 through 2022 Q4. Forecasts

for FYs 2015 Q3 and 2015 Q4 are needed to update the HECM insurance portfolio to end of FY
2015. Exhibit E1 summarizes the input data of the demand model.

Since the FY 2014 Review, the newly eligible youngebomrowers anchon-borrowing spouses

have introduced additional modelling issues. Because this policy was effective starting August 4,
2014, we have not observed enough historical data to progealyze the potential impact of

this new policy on HECM demandtrom historical data, we estimdtde couplé share in total
HECM counts by a linear regression with no intercept. The coefficient of this simple regression
indicated that couple borrowers account for about 37.5 percent of the total HECM loan counts.

33 http://www.census.gov/population/projections/data/national/2014.html.
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Following the FY 2014 Review, we assumed that the number of couple borrowers would
increase 10 percent or 3.75 percentage points from the demanddéadibwing youngerco-
borrowers angpousesFor the 2015 Review, we assumed that sutglgowercountswill not
change under the new policy.

Exhibit E-1. Input Data for the Demand Model

US. Pop>=
Period HIEE Couples 62 Yeffl)rs HPI Index
Loan Count
Oold
2003Q1 3,704 1,356 42,543,076 166
2003Q2 5,043 1,935 42,828,724 169
2003Q3 5,881 2,225 43,006,256 171
2003Q4 7,145 2,639 43,184,524 175
200401 9,917 3,558 43,338,700 179
2004Q2 9,844 3,524 43,444,736 183
2004Q3 10,979 4,000 43,599,840 187
2004Q4 9,430 3,477 43,755,500 192
2005Q1 11,784 4,439 43,923,080 197
2005Q2 9,129 3,553 44,115,412 202
2005Q3 12,707 4,862 44,284,368 207
2005Q4 14,731 5,803 44,453,972 212
2006Q1 18,336 7,216 44,628,464 217
2006Q2 22,435 8,749 44,813,524 220
2006Q3 20,598 7,841 44,989,424 222
2006Q4 23,967 9,001 45,166,016 222
2007Q1 29,006 10,614 45,491,776 224
2007Q2 27,328 10,382 46,125,232 225
2007Q3 27,111 9,974 46,457,912 224
2007Q4 24,647 9,087 46,792,992 222
2008Q1 30,481 11,083 47,113,548 218
2008Q2 28,663 10,188 47,406,636 213
2008Q3 28,256 9,530 47,731,396 207
2008Q4 27,557 9,566 48,058,380 202
200901 30,073 13,005 48,355,036 196
2009Q2 28,617 10,880 48,591,744 195
200903 28,161 10,408 48,891,692 193
200904 24,773 8,995 49,193,492 192
201001 20,437 6,955 49,480,656 192
2010Q2 15,348 5,445 49,739,692 190
2010Q3 18,497 6,826 50,030,044 189
201004 18,384 7,234 50,322,088 186
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US. Pop>=
: HECM Couples
Period Loan Count ng(lgars HPI Index
2011Q1 20,659 7,808 50,669,320 184
2011Q2 17,161 6,371 51,016,551 180
2011Q3 16,904 6,166 51,363,783 178
2011Q4 13,929 5,363 51,918,678 179
201201 14,978 5,710 52,473,573 180
2012Q2 14,216 5,355 53,028,467 181
2012Q3 11,695 4,515 53,583,362 184
201204 12,084 4,733 53,994,051 186
201301 15,832 6,298 54,404,740 189
2013Q2 16,371 6,683 54,815,429 193
2013Q3 15,636 6,372 55,226,118 198
201304 13,093 5,387 55,670,462 201
2014 Q1 14,825 5,900 56,114,805 204
2014 Q2 12,588 4,949 56,559,149 206
2014 Q3 11,107 4,241 57,003,492 209
2014 Q4 14,195 5,589 57,461,524 211
2015 Q1 14,059 5,394 57,919,556 214

E3. Quarterly Time Series Model of HECM Demand

The dependent variable the natural log of the number of HECM loans endorsed in a quarter.
The explanatory variables, also in log form, include the first and second lags of the dependent
variable, the yeaoveryear change in home prices, and the senior population.

We usedan Ordinary Least Squares (OLS) regression approach similar to previous years. The
various explanatory variables, their coefficients and significance levels are shown in Exhibit E

Exhibit E-2. OLS Regression of Log of HECM Loan Count

Parameter Standard t-stat
Estimate Error value

1-quarter lag of log of loan count 0.81431 0.14726 5.53 <.0001
0.07308 0.14349 0.51 0.6130

Pr> |t

2-quarter lag of log of loan count
log (HPlatt / HPIatt4) 0.13335 0.53879 0.25 0.8056
log(Pop >= 62 yr at t) 0.06279 0.03457 1.82 0.0760

Adj R-Sq =0.9997
Durbin-Watson = 1.996
Number of Observations = 49
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Appendix E: HECM Demand Model

E4. Forecasts of HECM Loan Counts based on HECM Demand Model

The HECM demand modelsesthe following variables: forecasts of home prices and the senior

population, as well as the lagged values of the dependent variable. A calibration factor is derived
projected
calibration factor (0.7641) was applied to all future years among simulated future economic
scenarios.

by

di vi

di

ng

FHA' s

FY

2015

HECM

Exhibit E3 presents the forecasts of future HECM endorsement counts basatemative
scenarios useith Section V

Exhibit E -3. Forecasts of HECM LoanCounts for Simulated Economic Scenarios

v ol

E-4

Fiscal Mean 10" Best 25" Best 25" Worst 10" Worst | The Worst || Moody's Moody's
Year S_tocha;tlc .Path in _Path in _Path in .Path in .Path in Baseline Protracted
Simulation | Simulation | Simulation | Simulation | Simulation | Simulation Path Slump
2016 55,000 52,358 55,631 55,608 55,024 54,602 54,996 52,616
2017 60,465 57,657 60,934 60,739 60,464 59,165 60,469 54,807
2018 64,174 61,241 64,587 64,102 64,426 61,340 64,229 59,587
2019 67,094 64,195 67,620 66,769 67,315 62,466 67,171 64,002
2020 69,751 67,101 70,725 69,226 69,811 63,605 69,832 67,691
2021 72,163 69,852 73,723 71,704 71,663 66,662 72,230 70,795
2022 74,336 72,092 76,149 74,141 73,309 69,527 74,362 73,407
IFE Group
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Appendix F: Stochastic Processes of Economic Variables

This Appendix describes the stochastic models used for generating the economic variables used
in the Monte Carlo simulations of the 2015 HECM Actuarial Review. Starting from the 2012
Review, we computed the present value of expected cash flows among 100 possible paths of
house price appreciation rates (HPAs) and interest satessince then, unemployment rates

This applicationis consistent with the industry best practice for pgcamd measuring risks of
mortgage portfolios.

The concept of Monte Carlo simulation approach that we use in this Review is to project a
number of equally likely future paths of HPA, unemployment and interest aatdsompute the

net present value (NPV) of the projected cash flows for each path. Since each path is equally
likely to occur,the expected present value is computedhasmean of the NP¥among all
simulated pathsBy increasing the number of simulationss verage NPV among the paths will
gradually converge to a constant level, which is the unbiased estimate of the expected present
value of the MMI HECM Fund.

We simulated 100 paths of future economic variables to estimate the expected present value.
Usingmore paths would require increasing computation time but with diminishing improvement
in the estimation precisioriexhibit 1 shows the convergence of the Monte Carlo simulation:
after about the 80path the average NPV of future cash flows has stakilin a reasonably

small range.

Exhibit F-1. NPV Convergence in Monte Carlo Simulation

NPV Convergence
4,000.00
2,000.00
(2,000.00)
C - N e N
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The stochastieconomic variables modeled herein for computing expected present value include:

1-year Treasury rates,

10-year Treasury rates,

1-year London interbdnovernight rates (LIBOR),

FHFA national Purchas®nly house price index (HPI) and
Unemployment rates.

= =4 =4 -8 A

These stochastic variables have lween drho dnelaesd r

and hence were estimated using historical #afais aproach is appropriate for the Actuarial
Review because the simulated rates are designed to approximate the actual future distribution.
Since all status transition probability models were estimated using the historically observed
interest rate, unemploymet ratesand house price appreciation rates, using the interest rates and
other economic variables in the actuarial measure, versusaigkal measures typically used for
security trading purposes, makes the entire model internally consistent.

F1. Historical Data
F1.1. Interest Rates

With the high inflation rate caused by the

gl

an historical high in early 1980"s. Since the

from managing intest rates to managing the money supply. Since this policy shift, interest rates
generally decreased but with higher volatility. Exhibi2 Bhows historical interest rates since
1970. The tyear Treasury rate was arouBto in 1970 and increased steadily to its peak of
16.31% in 1981 @. After that, it followed a decreasing trend and reached atimadl low of
0.10% in 2014 Q2. Also shown are the-year Treasury rate (cmtl0), and thgehr LIBOR

rate (LIBOR_1y).

%For wval uingnepttrialn’s ,f Utrdrsek pat hs o &nd denetoped thas germit estimatdn of e . g . ,
option values based on observed option prices and the prices of the underlying asset upon which the options are based. These
paths do not resemble actual historical movements in interest rates and are not suitableuigpose of this actuarial review.
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Exhibit F-2. Historical Interest Rates (%)
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Exhibit 3 shows historical interest rate spreads, including the spread betweenyisa Hhd

the tyear Treasury rates, and the spread between-ffearlLIBOR and the -Year Treasury
rate. The spread between theydar and dyear Treasury rates appears to have long cycles and
the spread is not always positive. However, the spread of LIBOR overythar Treasury rate
has always been positivesimarily reflecting the premium for credit risk.

Exhibit F-3. Historical Interest Rate Spreads (%)
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F1.2. House Price Appreciation Rates

The national house price appreciation rate (HPA) is derived from FHFA repeat sales house price
indexes (HPIs) of purchasmly transactions. The PO HPI provides a reliable measure of
housing market conditions, since it is based on repeat sales at market transaction prices and does
not use any appraised values.

Exhibit F4 shows the National HPI and quarterly HPA from 1991 Q1 tb ZD1. The long
term average quarterly HPA is around @.84 (3.20% annual rate)

The HPI increased steadily before 2004, and the quarterly appreciation rate was ardund 1.1
Then house prices rose sharply starting 2004. The average quarterly house price appreciation rate
was 1.88% during the subprime mortgagepansion period from 2004 to 2006, and reached its
peak of 259% in 2005 Q2. After 2006, the average growth rate became negative. ExHibit F
shows the annual HPA by selected historical time periods.

Exhibit F-4. National HPI and HPA
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Exhibit F-5. Average Quarterly HPA by Time Span

Period Average Quarterly HPA
1991-2003 1.13%
2004- 2006 1.88%
2007-2010 -1.21%
2011-2014 1.01%

F2. 1-Year Treasury Rate

In this section, we present some historical statistics on theyeareTreasury rate, and then
describe the estimation model for the stochastic process and finally report the parameter
estimates and their standard err&xhibit 6 shows the summary gtitcs of the historical -1

year Treasury rates using two sample periods, one starte@2mad the other started in 1980.

Exhibit F-6. Statistics for the *Year Treasury Rates

Statistics Since 1980 Since 1%2

Mean 5.13% 5.41%
Standard Deviation 3.82% 3.34%
Max 16.31% 16.31%

95- Percentile 13.50% 11.65%
90- Percentile 10.11% 9.68%
50- Percentile 5.47% 5.44%
10 Percentile 0.21% 0.37%

5- Percentile 0.13% 0.17%
Min 0.10% 0.10%

We used ageneralizedGARCH(1,1) parameterization to model therear Treasury rate (x
and estimated it using data from 1980 Q1 to®0Q2.* The process takes the following form:

[

621

ﬁ . QO (1)

where Z is the independent Wiener random process with distribution N(0,1).

The variancé % of the residual term follows generalizedSARCH (1,1) process:

where € 1is

T

1R (2)

e .; ‘@ dofrom eqeatiom(l) whi c h

35 For an &ample of usingt GARCH model for fixed income analysiseeHeston and Nandi (2003).
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The Full Information Maximum Likelihood (FIML) method wased to estimate the parameters
in equations (1) and (2). The estimated results are presented in Exhibit F

Exhibit F-7. Estimation Results for XYear Treasury Rate Model

Parameter Estimate Std Dev t-value prob>t
A 8.6E04 0.000113 0.76 0.451
B 0.972 0.0114 85.3 0.000
Bo -2.5E07 9.26E08 -2.71 0.008
B1 0.403 0.17 2.32 0.022
B2 0.336 0.10 3.41 0.001
Y1 0.00025 0.000084 2.98 0.004
Adj. R? 0.959

The model based on these parameters is used to simulatgehe Treasury rates for 2603

and future When the simulation is implementeth e “ const ant ” catibeatedto A i s
differenttimed e pendent values to match Moody’' s basel
The values were chosen so that the median value amomglO®u | at i ons mat ches
2015 baseline forecast of the-year Treasury rate quarter by quarter. We applied the same
procedure for the “constant” terms in the int

Note that Moody’'s Jul y untd2045cQe.sAfter 2045] we repeatede r st
Moody’'s |l ast quarter forecasts for all remair
series are expanded to the year 2100 using the same methoddlégyer bound of 0.01

percent was applied to the simeld future lyear Treasury rates to avoid negative nominal

rates in the simulation.

F3. 10Year Treasury Rate

The 1Qyear Treasury rate is modeled by adding a stochastic spread term tgaherate. We
estimate the dynamics of the spread betwideyear Treasury rate andykar Treasury rate from
the historical data. The spread term is assumed to depend on theaomate, the lagged value
of the spread term and a random component. The model for the spread is

I T O O )
wherei  is the spread between the-y€ar and dyear Treasury rates at timheand i  is 1-

year Treasury rate at timeThe variance of the residual term is assumed to follow an ARCH (1)
process:

O
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FIML was used to estimate the parameters. The estimated parameters are shown in the following
Exhibit F8.

Exhibit F-8. Estimation Results for 18Year Treasury Rate Spread Model

Parameter Estimate Std Dev t-value prob>t
h1o* 0.004 0.001 2.79 0.006
Bio -0.022 0.013 -1.66 0.100
V10 0.836 0.045 18.78 0.000
Bo 1.30E05 2.82E06 4.54 0.000
B1 0.542 0.279 1.95 0.054
Adj. R 0.832

We used the estimated parameters to simulate the spread betweenyder Bdd dyear
Treasury rates, and added the simulated spread to the simulgeed Treasury rate. Then we
adjusted the constant tefm , to calibrate the series such that thediae value among 100
simul ated pat hs maSbask mrdcasVial thelyear Treaswry ragtes guarter
by quarter. We also set a floor value at 0.01 percent to the simulayedilUreasury rates.

F4. LIBOR

The Tyear LIBOR rate was modeled as a constant term plus a term proportional tgetie 1
Treasury rate and a random term:

in IR Tig -k (5
wherel , is the LIBOR rate and j, is 1-year Treasury rate.

Ordinary Least Squares was used to estimate the parametardf . The estimated
parameters are shown in Exhib{OF

Exhibit F-9. Estimation Results for the LIBOR Rate Model

Parameter Estimate Std Dev tValue Prob>t
a % 0.005 0.001 10.71  0.000
B 0.999 0.011 91.59 0.000
Adjusted
R® 0.987
®The inte ept term is calibrated each time period so that t|
"The int e term is calibrated each time period so that t|
IFE Group
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We used the estimated parameters to simulate the LIBOR rate. Then we adjusted the constant
term| j to calibrate the series such that the median value among 100 simulations will match
Mo ody’' s b5Jlbask forecasd df the LIBOR rates quarter by quarter. As with the other
interest rates, we also set a floor value at 0.01 percent to the simulated LIBOR rate.

F5. House Price Appreciation Rate (HPA)
F5.1. National HPA

We specified the national HPA to depend on its own lags, seasonal dummy variables, the level of
short rates and on various spreads and their lags. The model takes the following form:
006 I 00 o I "O0 o Fig T g P i 5 T 0 5 T 105
I ik » QO (6)
where,l j is the Tyear Treasury rate,
i isthe spread between the-€ar and dyear Treasury rates,

i { isthe spread between mortgage eatd 10year Treasury rate, and
Zn is independent Wiener random process with distribution N(0,1)

The variance of the residual term follows a GARCH (1,1) process:

S N (7)
The lags and variableclusions were determined by achieving appropriate coefficient signs and
significance and overall model fit. FIML was used to estimate parameters in equations (6) and

(7). The results are shown in Exhib#lB.

Exhibit F-10. Estimation Results the Natinal HPA Model

Parameter Estimate Std Dev t-value prob>t
u 0.002 0.002 1.32 0.1876
B1 0.626 0.083 7.53 0.000
B2 0.239 0.081 2.94 0.004
Bs -0.113 0.066 -1.72 0.088
Ba 0.087 0.066 1.33 0.186
Bs -0.212 0.088 -2.41 0.017
Bs 0.184 0.088 2.10 0.038
B, -0.158 0.107 -1.47 0.145
Bs 0.238 0.090 2.64 0.009
1o 2.88E07 3.43E07 0.84 0.402
1 0.424 0.124 3.41 0.001
P 0.627 0.075 8.38 0.000
Adj. R? 0.665
IFE Group
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We used these parameters to simulate future HPA frord Q3lonwards. Also, we calibrated

the mean of HPA'( in the equation) by matching the median value across 100 simulated paths
to Moody’'s July base forecast. Moody’' s July
repeaedthe last four quarters for tiseibsequent quarters.

F5.2. GeographicDispersion

The MSAI e v el HPA forecasts were based on Moody’
forecasts. Specifically, at each timehere is a dispersion of HPAs betweenith®SA and the
national forecst:

0 Qiy N 00 Q, 00 6 R

This dispersion forecast wunder Mood}:’ s base ¢
under individual future economic paths. That is, for economic jpaitle HPA of thei™ MSA at
timet was computed as:

00§ 'O 6 ;. 0'0°Y0

This approach retains the relative current housing market cycle among different geographic
locations and it allows us to capture tee ogr ap hi c al concentratior
endor sement portfolio. This approach is also
market HPA forecasts relative to the national HPA forecast under alternative economic scenario
forecasts® We understad this approach is equivalent to assuming perfect correlation of
dispersions among different locations across simulated national HPA paths, which creates a
systematic house price decrease during economic downturns and vice versa during booms.

®Thedispe si on of each MSA remains the same as Moody’'s baseline
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F6. Unenployment Rate
F6.1. National Unemployment Rate

In our unemployment rate model, the unemployment rate depends on the prior unemployment
rate, house prices, mortgage rates and Treasury rates.

We used quarterly data fro@Y 1975 to CY 20% Q2 to estimatethe national unemployment
rate. The model we adopted was:
6Q * 16Q 10Q Tiplip I 0O06+0 (8)

where,i j is the tyear Treasury rate,
1 p is the 3Byear mortgage rate,
"O0 dis the annuiézed house price growth rate at the national level, and
0 Qs the unemployment rate.

Exhibit F-11: Estimation Results for the National Unemployment Rate Model

Parameter Estimate Std Dev t-value prob>t
v 0.184 0.092 1.99 0.048
B1 1.510 0.062 24.22 0.000
B, -0.581 0.059 -9.88 0.000
Bs -0.046 0.019 -2.40 0.018
Ba 0.070 0.022 3.09 0.002
Bs -1.533 0.450 -3.41 0.001

Adj. R? 0.981

From the simulated interest rates and house prices, we applied the parameters shown in Exhibit
F-11 to calculate the corresponding national unemployment rate. Based on historical statistics,
the national unemployment rate was capped at 20% with a fl@86of
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